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COMPONENTS OF RISK 


IN DECISION MAKING: 


PROBABILITY AND VARIANCE 
PREFERENCES ! 


H. COOMBS 


University 


Perhaps the first model for decision 
making under risk was the theory 
that individual 
pec ted value. This dra- 
matically violated by the St. Peters- 
burg paradox (Chernoff & Moses, 
1959) which led Bernoulli (1954) to 
the notion that utility for money is 


an maximizes ex- 


theory is 


a nonlinear function of money and a 
theory that individuals 
expected utility. 
plains” 


maximize 
This theory ‘‘ex- 
too much since such a wide 
variety of behavior can be accommo- 
dated by it that it is difficult to 


design crucial experiments. If one 


adds to it a concept of subjective 


probability and proposes a_ theory 

‘This study was supported in part by a 
grant from the National Science Foundation, 
and in part by Project MICHIGAN, a 
Department of the Army-sponsored project 
of the University of Michigan in the field of 
Combat Surveillance administered by the 
Signal Corps (Contract DA-36-039 ac 78801 
We would like to express our appreciation 
for many helpful comments and criticisms 
from Patrick Suppes and Jack Sawyer, who 
are not to be held responsible for the use we 
made of their suggestions 

? Public Health Service Research Fellow 
of the National Institute of Mental Health. 


anD D. G. 
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of Michigan 


of maximization of subjectively ex- 
pected utility (Edwards, 1955), the 
degrees of freedom in the theory are 
increased, and the measurement dif- 
ficulties are multiplied. These weak- 
nesses have led the present authors 
to explore alternative concepts with 
which to revise the theory of 
maximization of expected value. 


in the current literature there are two 
concepts which suggest the 
[ taken in this study 
known as 


direction 
of revision They 


are probability preferences 
variance 


cently . 


and preferences. Quite re- 
Edwards (1953) has published 
experimental work which he interpreted 
as showing the existence of probability 
preferences. In_ brief, he 
that 50/50 were 


and bets with 


concluded 
bets most preferred 
.75 probability of winning 
were avoided. However, his experiment 
the that prob- 
ability differences among his alternatives 
are confounded with variance differences, 
so that certain of 
equally well 


preferences. 


is subject to criticism 


his results may be 


interpreted as variance 

The notion of variance preferences is 
of longer standing. Half a century ago 
Fisher, 1906) it was suggested that 
individuals base their decisions not only 
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on expectation but also on the dispersion 
of the possible outcomes, i.e., for a given 
expectation an individual may prefer 
certain amounts of variance over others. 
That this is a significant variable has 
recently been urged by Allais (1953), 
who criticizes the ‘American School” 
for disregarding it; more recently, Roy- 
den, Suppes, and Walsh (1959) studied 
the interaction of variance preferences 
with expected value in the context of 
measuring the utility of gambling. 

Perhaps one of the principal reasons 
for the long neglect of a concept of 
variance preferences is that with the 
use of the expected utility model, any 
particular variance preference may be 
equally well interpreted as a_ utility 
function on money. In fact, one of the 
current methods for constructing such 
utility functions is based upon prefer- 
ences among bets with the same expecta- 
tion and equiprobable outcomes but 
different variance. This method has 
been most thoroughly developed by 
Davidson, Suppes, and Siegel (1957) 
and has also been used by Coombs 
and Komorita (1958). It becomes 
difficult to test for the existence of 
variance preferences after having used 
them to construct a utility function. 
It is proposed here, however, that a 
test can be made which will permit a 
choice between the variance preference 
and the expected utility interpretations. 
The argument is as follows. 

Consider a set of m alternatives, each 
alternative being a gamble with two 
outcomes, at probabilities of .5, and all 
gambles having the same objective 
expected value. If the expected utility 
model is assumed, then for any prefer- 
ence ordering of these n alternatives, a 
utility function for money which is 
monotonically increasing can be found. 
The number of possible orderings, then, 
which might be “explained’’ by a 
utility function for money is n! 

From the point of view of the unfold- 
ing theory of preferential choice (Coombs, 
1952) the amount of variance of each 
gamble may be considered a point on a 
continuum of variance and each indi- 
vidual folds this Joint (J) scale at his 
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ideal point corresponding to his pre- 
ferred amount of variance. The folded 
J scale is called an I scale and corresponds 
to his preference ordering on the gambles. 

It is convenient to make the following 
distinction. If the J scale is the same 
for all individuals at the level of an 
ordered-metric scale it is called a ‘‘quan- 
titative J scale’’ whereas if it is the same 
only at the level of an ordinal scale it 
is called a “‘qualitative J scale.” 

If the preference orderings of all Ss 
are generated from a common quantita- 
tive J scale, then the variety of orderings 
which can occur is; at most, one more 
than the number of midpoints, ({) + 1. 
If they have only the qualitative J 
scale in common, then the variety of 
admissible preference orderings is 2"~'. 
In each case, however, not only is the 
number of admissible preference order- 
ings limited but also the type; they must 
be only those obtained by folding a J 
scale between a pair of midpoints 
this leads, for example, to the restriction 
that the least preferred alternative on 
any I scale may only be one of the 
two end stimuli on the J scale. 


This distinction? between a quantita- 
tive J scale and a qualitative J scale 
is relevant here because if the measures 


on the J scale were actual objective 
variance, the preference orderings would 
be limited to those generated from a 
common quantitative J scale. If the 
preference orderings were generated from 
a common qualitative J scale one might 
speak of a scale of subjective variance. 
For n> 4, n!> 27> > (3) +1. For 
example, for »=6 there are 720 
possible preference orderings, all leading 
to monotonically increasing utility for 
money, but only a specified subset of 
32 of them may be interpreted as 
subjective variance preferences, and only 
16 of these as preferences generated 


3 Another way to formulate the distinc- 
tion between a quantitative and qualitative 
] scale is in terms of a cardinal J scale on 
which an individual's single-peaked prefer- 
ence function descends linearly in both 
directions from the ideal point (a quantita- 
tive J scale) or descends monotonically 
(a qualitative J scale). 
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from a scale of, the objective variances. 
The variance models are clearly more 
vulnerable to disproof than the general 
utility model and it should be possible 
to distinguish among these alternative 
explanations experimentally. 

Another variable is the possible exist- 
ence of probability preferences. Any 
alternative considered may be 
completely described by a probability 
density distribution over the possible 
outcomes of amounts of money. A 
distribution may be characterized by a 


here 


set of parameters such as its moments 
or functions of them, i.e., each distribu- 
tion may be mapped into a point in a 
multidimensional space, and the prefer- 
ential choices of an 
induce a 
points. 

The 


to a 


individual may 


transitive ordering on these 
distribution lead 
efficient 
stimuli in 


moments of a 
simple and 
characterizing the 
decision problems. The most common 
and useful parameters 
of a distribution are those obtained from 
the first three moments, the expected 
value (E), the and the 
skewness (5S). In the special case of 
alternatives with just outcomes, 
a and b, with Probabilities p and gq, 
respectively, these parameters may be 
calculated as follows: 


system for 
certain 


perhaps most 


variance (V), 


two 


[= pa Tt gb 
= pq(a — b)? 
1— 2p 
VPq 

From Equation 3 it is evident that 
skewness is monotone with p and that 
a probability preference may be equally 
well interpreted as a _ preference for 
skewness. In psychological terms a 
preference for skewness captures the 
idea of a preference for “odds,” e.g., 
a distribution extremely skewed to the 
right represents a “long shot’ and a 
distribution extremely skewed to the 
left represents an ‘‘almost sure thing.” 
An advantage of a concept of preference 
for skewness includes being able to deal 


with gambles with more than two 
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outcomes whereas a concept of prob- 
ability preferences is currently limited 
to alternatives with just two outcomes. 

If two gambles are alike in all respects 
but expectation it would seem “rational” 
for the gamible with the higher expecta- 
tion to be preferred, since more money 
is preferable to less. If, however, the 
choice is between two gambles with the 
same expectation and skewness, differing 
only in variance, there is no ‘‘correct”’ 
choice on a priori grounds. The same 
may be said for gambles which differ 
only in skewness. Preferences between 
gambles these latter two 
dimensions reflect individual personality 
characteristics, which would have sig- 
nificant implications for selection of 
decision makers and for automatization 
of the decision process provided these 
characteristics do not apply solely to the 
situations in which they were measured. 

The concept of variance preference is 
commonly interpreted psychologically 
as a utility for risk, i.e., for 50/50 bets 
with constant expectation, 
variance one prefers the higher the 
utility for risk. But one might also 
reasonably maintain that a preference 
for skewness is also a kind of utility for 
risk and the question naturally arises: 
if these exist in the first place, what 
relation might they have to each other? 


based on 


the more 


The purpose of this study is to 
test the adequacy of a concept of 
variance preference as opposed to a 
nonlinear utility for money, to test 
for the existence of preference for 
skewness, and to explore the possi- 


bility of an interrelation between 
variance and skewness preferences if 
they exist. 

METHOD 


Subjects.—The Ss were 99 students at the 
University of Michigan. There were 43 men 
rang:ng in age from 18 to 27 yr. with a median 
of 20, and 56 women ranging in age from 16 
to 47 yr. with a median of 19. All were 
volunteers, mostly from undergraduate psy- 
chology courses. 

Stimuli.—In Table 1 are shown the bets 
used as stimuli. All bets have an expected 
value of zero. The bets are organized into 
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TABLE 1 


“ABLE OF GAMBLES USED AS STIMULI 


Variance 
0.12 


0.30 win 


Set IV 1/6 to win $2.25 win $ 
1.00 5/6 to lose $.45 2/:3 lose 


5.00 win $3.20 
lose $1.60 


1/6 to win $11. 


Set V 5 d win $7.10 
25 


? 
5/6 to lose $2.25 2 lose $3.55 


100 to win $14.20 
to lose $7.10 


five sets. Set I is the column of 6 bets with 
a constant skewness of S = 1.15 (probability 
of winning of p = 1/3). Set II is the column 
of 6 bets with S = 0(p = 1/2). Set II] is the 
column of 6 bets with S = —1.15(p = 2/3). 
Set IV is the row of 5 bets with a constant 
variance of $1.00. Set V is the row of 5 bets 
with a constant variance of $25.00. Sets I, 
Il, and III were study variance 
preferences under constant probability treat- 
ment; Sets IV and V were to study 
skewness (probability) preferences under 
constant variance treatment. In each of 
Sets I, II, and II] the stimuli are labeled from 
A to F in order from low to high variance 
In each of Sets IV and V the stimuli are 
labeled from 1 to 5 in order from p = 1/6 to 
pb = 5/6. 

Within each set, the bets were exhaus- 
tively paired, producing 65 distinct pairs, 
as follows: Sets I, II, and III, 15 pairs each; 
Sets IV and V, 10 pairs each. Each of the 
65 pairs was presented 8 times; an additional 
56 pairs of bets, not used in this analysis, 
brought the total to 576 pairs. The stimuli 
were presented in dittoed booklets which 
were constructed so that one replication on 
all pairs was completed before the next was 
started. Within each replication, the stimuli 
were presented in a random order. 

Instructions.—The Ss were told to choose, 
in each pair, the bet they ‘would prefer 
to play” and to indicate this decision by 
making a check in a box beside the bets. 
They were also told to treat each bet sepa- 
rately, as if it were the only one offered. 
This was done in the hope of avoiding mul- 
tiple-bet strategies such as choosing a few 
of each kind of bet to keep a “balanced 
portfolio - 


used to 


used 


5 
2 to lose $.35 


Ill 

—1.15; 

2/3 
to win $.3 win $.25 
lose $.50 


win $.55 
lose $.55 


win $.40 
lose $.80 


win $1.00 
lose $1.00 


win $.70 
lose $1.40 


6 to win 
6 to lose 


win $1.60 


win $2.25 
25 lose $3.20 


lose $2 


6 to win $2.25 
6 to lose $11.25 


win $5.00 
lose $5.00 


win $3.55 
lose $7.10 


win $10.00 
lose $10.00 


win $7.10 
to lose $14.20 


To increase interest and make the situa- 
tion more realistic, two additional instruc 
tions were given: (a) at the end of the last 
session some of the items would be picked 
and played with no exchange of money so 
that “‘you can see how you would have come 
out if we had played for keeps’, and (b 
after that, Ss would be “given an oppor 
tunity”’ actually to play two of the bets for 
real money. 

Procedure.—The Ss appeared in a group 
on three successive evenings. On Day 1 
they went through the first two replications; 
on Day 2, the next three; and on Day 3, 
the last three There was considerable 
difference between Ss in the amount of time 
needed to complete the booklets, ranging 
from 28 to 74 min. on Day 1 and from 9 to 
60 min. on Day 2. Nevertheless, all Ss were 
paid the standard rate promised them, $2.00 
per session. 

At the end of Day 3, 10 pairs were chosen 
thrown for each to 
determine the outcome of each bet. The Ss 
were encouraged to keep track of what they 
would have won playing the bets they had 
picked. Then Ss were given $.50 credit and 
asked whether or not they would care actually 
to play a bet of the form: 1/2 to win $:25, 
1/2 to lose $.25. This was done twice. (This 
bet had appeared eight times in the booklets 


at random and a die 


RESULTS 
Analysis of Inconsistency of Preference 


Purification of the data.—The first 
step was to eliminate Ss whose judg- 
ments are not significantly different 
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Miller 


shown 


Madow 
that with n 
independent _replica- 
pair, if H=1, then 
2n(1 — H’)/logee has a x? distribu- 
tion with 1 df, where H’ is the actual 
observed uncertainty computed from 
the proportion of times each member 


from random. and 
(1954) have 
experimentally 


tions on a 


of the pair was chosen in m presenta- 
the the average 
observed uncertainty over a number 
of pairs of alternatives (A), the 
statistic 2n(1 — A)/logse has a x? 
distribution for which the number 
of degrees of freedom is equal to the 
number of pairs of stimuli over which 
the average is taken. 


tions. In case of 


The level of significance arbitrarily 
was approximately the 2% 
level and the numbers of Ss retained 
out of the original 99 for each of the 
five sets of stimuli are I, 92; II, 
96; III, 93; IV, 95; V, 94. 

The effect of this “purification” 
of the data was to eliminate 2 Ss, each 
of whom was eliminated from three 
of the stimulus sets, 4 Ss, each of 
whom eliminated from two of 
them, and 11 Ss, each of whom was 
eliminated from one of them. 
was dropped from all sets of stimuli. 


chosen 


was 


Intercorrelations and 
variance of H.—The information meas- 
ure, 77, provides a convenient index 
number to characterize S’s degree of 
inconsistency over all the pair com- 
parisons in a set of stimuli. Averag- 
ing A over all Ss for a set of stimuli 
provides an index, H/, of the average 
degree of 
with a set of stimuli. Table 2 contains 
the intercorrelations of A between 
the five sets of stimuli, and the bottom 
row of the table contains the A 
associated with each set. To correct 


inconsistency associated 


the estimate of // for bias due to size 
of sample simply requires adding .09 


to each #7 in the bottom row of Table 


No § 


analysis of 
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TABLE 2 


MEANS AND INTERCORRELATIONS OF H 


All correlations are 


2 (Miller & Madow, 1954). The / 
for each set of stimuli is based on all 
Ss, prior to “purification.” The 
intercorrelations contained in Table 2, 
all significant at the .01 level, indicate 
that individual differences in 
sistency are statistically significant 


incon- 


and moderate in magnitude. It is 
to be noted that the intercorrelations 
of H between variance and probability 
preferences tend to be lower than 
those within either one. 
Analyses of variance, based on all 
Ss, of the H measures for variance 
preferences under probability treat- 
ment and for probability preferences 
under variance treatment, respec- 
tively, were carried out and reveal 
significantly different Hs for variance 
preferences at different probability 
levels (more consistency at p = 1/2); 


no significant difference between Hs 


for probability preferences at the 
different variance levels; and _ sig- 
nificant individual differences in in- 
consistency for both variance prefer- 
ences and probability preferences. 
A series of ¢ tests revealed that the 
for variance preferences at each prob- 
ability level are significantly less than 
the A of probability preferences at 
each variance level, indicating that 
the inconsistency of variance prefer- 
ences is less than the inconsistency 
of probability preferences. 
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Transitivity of Preferences 


If p(a,b) is the probability that 
Alternative a is preferred to Alterna- 
tive b then the concept of weak 
stochastic transitivity is defined 
(Davidson & Marschak, 1959) as 
follows: 


p(a,b) > .5 
and 
p(b,c) > 5 => pla,c) > .5 
To test whether this condition is 
satisfied, one seeks a permutation 
of the alternatives such that each 
element is preferred at least half the 
time to each alternative to the right 
of it. If this condition is satisfied 
by S's pair comparison preferences 
over a set of stimuli, then a rank 
order scale from most to least pre- 
ferred may be constructed, called 
his I scale. The numbers of Ss whose 
preferences satisfied and failed to 
satisfy this condition for each set 
of stimuli are given in Table 3. 
Clearly weak stochastic transitivity 
of preferences appears to be the 
norm. Of the 31 instances in which 


TABLE 3 


NUMBERS OF SS SATISFYING WEAK STOCHAS- 
TIC TRANSITIVITY OF PREFERENCES AND 
THEIR AVERAGE INCONSISTENCY 
INDEX 


Weak 
Stochastic 
Transitivity 


Stochastic 
Intransitivity 
Stimulus Sets 


Variance Pref 


| 
Probab. Pref. 
IV 
Vv 


Total 
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data failed to satisfy weak stochastic 
transitivity for some S over one of the 
stimulus sets, 30 of them would satisfy 
the condition by the reversal of a 
single 5/3 split in the eight judgments 
on some one pair of alternatives. So 
it appears that failure to satisfy 
weak stochastic transitivity is a con- 
sequence of inconsistency and not an 
inherent intransitivity, which would 
have been reflected in stochastic 
intransitivity. This is further borne 
out by comparing the average H 
of those Ss who satisfy with those 
who fail to satisfy weak stochastic 
transitivity. 


Unfolding Analysis of Preferences 


Variance preferences.—lf a common 
quantitative J scale of variance exists 
which generates the preferences of 
the individuals, then for n = 6 there 
are 15 midpoints and hence 16 seg- 
ments of the scale, to each of which 
corresponds a unique preference order- 
ing (Coombs, 1952). Each S’s prefer- 
ence orderings were constructed based 
on weak stochastic transitivity and 
the preference orderings so obtained 
for each set of stimuli were unfolded 
and a best quantitative J scale was 
constructed—best in the sense that 
folding it yielded a larger propor- 
tion of the data obtained than any 
other. The results are presented in 
Table 4 for the variance preferences 
at the three probability treatments of 
pb = 1/3, 1/2, and 2/3, respectively. 

The stimuli are identified by the 
letters A to F in order from low to 
high variance. The first column in 
each table, labeled ‘I scale number,” 
has the ordinal numbers of the succes- 
sive segrients of the variance scale, 
numbered sequentially from the low 
variance end to the high variance 
end. In the second column are the 
simply ordered I scales corresponding 
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rABLE 4 to those segments of the J scale, and 
? Civen ens eatin Wikishiieds Puderciiaee the next column contains the number 
AT p = 1/3, 1/2 anv 2/3 of Ss from whom that preference 
ordering was obtained. The interval 
etncieiGiiei | Ceiltite Gxtad’ or I scale number to which an I scale 
I Scale i Scoles I Scales belongs is based on the number of 
seems midpoints crossed which is the num- 
ber of pairwise permutations required 
seanaeiend ore to transform the given I scale into 
BACDEE the J scale order, ABCDEF. One 
CBADEF more than this number is the interval 
| CBDAEF or I scale number. Cells left blank 
DCBAEF eee indicate no occurrence of I scales 
—— which would correspond to those 
a ny Bee intervals. Some I scales are only 
EDCBAF | : weakly ordered owing to ties between 
adjacent elements and these are 
presented in the fourth column, 
FEDCBA labeled ‘‘weakly ordered I scales,”’ 
in the row of the I scale interval to 
ABCDEF which they appear likely to cor- 
yt — respond, and the tied elements are 
CBADEF shown in parentheses. The frequency 
of their occurrence is in the last 
Scesee ON column. The I scales that are not 
—— simply ordered cannot be assigned 
to an I scale number with certainty 
because there are usually two or more 
intervals to which one may be assigned 
depending on how the partial order 
>)DCBA is resolved into a simple order. In 
each instance E made an assignment 
which seemed a best guess taking the 
ABCDEF re J scale and the stochastic properties 
BACDEF BA(CD)EF of the I scale into account. Alterna- 
BC(AD)EF tive assignments rarely differed by 
| CBADEF CBADEF more than one interval, so some 
C(BD)AEF unreliability has been introduced in 

CBDAEF order not to sacrifice these data. 


Scales ase Scales 


D(CE) BAF 


FEDCBA 


Ct tae In summary, this table shows that 


DCBE(AF) at p = 1/3 the variance preferences 
of 80 Ss out of 92 can be generated by 
a common quantitative J scale of 
variance; at p= 1/2, 89/96; at 
aad b = 2/3, 82/93. 

EF) DCBA 


DE)CBFA 


E 
FED(BO)A Altogether there are 30 I scales 
Total that do not fit this quantitative ] 


scale. Two of these I scales fit the 





i 


qualitative J scale but require a 
different metric. Examining the re- 
maining 28 individually reveals that 
the deviations are almost entirely 
due to inconsistency, e.g., 20 of them 
deviate by only a 5/3 split on one 
pair. 

Ir brief, the evidence strongly 
supports the hypothesis that the 
preference orderings are restricted to 
the set of orderings generated by a 
quantitative or qualitative scale of 
variance, and the great variety of 
preference orderings admissible under 
a general utility interpretation does 
notoccur. In addition, the results do 
not support a theory of decreasing 
marginal utility, as suggested by Ber- 
noulli (1954), which would predict 
one and only one preference ordering 
on the 50/50 bets of Table 4, i.e., the 
high variance preference FEDCBA, 
which occurred in only about one- 
third of the cases. 

The predominance of the preference 
orderings ABCDEF and FEDCBA 
indicates that most Ss preferred an 
extreme variance, either low or high, 
on any given stimulus set, and about 
one-third of the cases fall in between. 
The remarkable absence of alterna- 
tive 1 scales in Table 4 with the same 
I scale number is perhaps due to the 
increasing magnitude of the successive 
intervals between stimuli on the 
variance J scale, which are $0.18, 
$0.70, $4.00, $20.00, and $75.00. 
The order of the midpoints on the 
J scale is preserved even in the 
presence of individual differences in 
the subjective evaluation of variance. 
A more nearly equally spaced set 
of stimuli would have been better 
for distinguishing between subjective 
scales of variance. 

Probability preferences.—This analy- 
sis parallels that of variance prefer- 
ences except that there are 5 stimuli 
in a set, hence 10 midpoints which 
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partition the scale into 11 segments 
to each of which corresponds a unique 
preference ordering. 
orderings obtained 
and a_ best 
constructed. 
sented in 


The preference 
were unfolded 
quantitative J scale 
The results are pre- 
Table 5 for probability 
preferences at low and high variance. 
The stimuli are identified by the 
integers 1 to 5 corresponding to proba- 
bilities from 1/6 to 5/6, respectively. 

The first column has the I scale 
numbers in order from low probability 


TABLE 5 


I SCALES FOR PROBABILITY PREFERENCES 
AT Low AND HIGH VARIANCE 


Simply 
Ordered 
I Scale 


Weakly 
Ordered 
I Scale I Scales 


Number 


Vari 
ance 


| Scales 


Cases 


12345 | 15 


11 


Total 


High 1 


324(15) 


(45)321 
§(43)21 
| 54(32)1 | 


Total | 
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of winning 
winning. 


to high probability of 
The second column has the 
simply-ordered scales of probability 
preferences corresponding to that 
segment of the J scale, and the next 
column gives the number of Ss from 
whom each preference ordering was 
obtained. Cells left blank indicate 
the absence of I scales which would 
correspond to those segments of the 
J scale. A number of I scales occurred 
with ties between adjacent elements. 
They are presented in the fourth 
column in the row of the I scale 
interval to which they appear most 
likely to correspond. The frequency 
of their is in the lat 
column. 

In summary, Table 5 shows that 
at low variance the probability prefer- 
ences of 57 Ss out of 95 can be gener- 
ated by a common quantitative J 
scale of probability; and at high 
variance, 59 Ss out of 94. It is inter- 
esting to note that in each instance 
the ideals are predominantly at the 
extreme probabilities. 


occurrence 1S if 


It is also necessary to examine the 
cases that do not fit a common J scale 
to see if they are in some sense signifi- 
cant deviations, or whether they are to 
be attributed to inconsistency. All to- 
gether there are 73 such cases—61 
transitive I scales, 12 
When these I scales examined 
individually it is evident that the 
predominant reason for their failure 
to satisfy a folded J scale lies with 
the stimulus p = 1/2, ie., S = 0. 
It is too much preferred. For ex- 
ample, 8 Ss had the I scale 13245; 5 Ss, 
31245; 3 Ss, 35421; 2 Ss, 53421. In 
each case Stimulus 3 (p = 1/2) is 
ranked higher than it should be to fold 
the J scale. If this stimulus is 
dropped and the I scales based on the 
remaining four stimuli examined, one 
finds that at low variance 82 satisfy a 
folded J scale and 7 do not; at high 


intransitive. 
are 


RISK IN 


DECISION MAKING 


variance 73 fit a folded J scale and 
15 do not. These figures are highly 
significant and there is little doubt 
that probability preferences (skew- 
ness preferences) exist in the sense 
of single-peaked preference functions 
ona J scale. 

The overpopularity of symmetric 
gambles (p = 1/2) is perhaps due to 
the fact that they are regarded as 
“fair bets,’’ and perhaps also that 
they are simpler bets, more easily 
comprehended than some of the 
others. A naive S faced with a choice 
between two bets, one of which is 
more complex than the other, might 
be biased toward the simpler one. 


Stability and Interaction of Preference 
Patterns 


As described in the unfolding analy- 
sis, to each | scale of preference an 
1 scale number can be assigned cor- 
responding to the ordinal number of 
the segment of the J scale to which 
that I scale corresponds. This assign- 
ment is unique in the case of a simply- 
ordered I scale and in the case of ties 
an I scale number was assigned in the 
manner previously indicated. These 
numbers can be regarded as approxi- 
mate measures of Ss’ ideal points on 
the J scale and were subjected to 
correlational and variance analysis. 

One question of interest is whether 
Ss’ ideal points on the J scale shift, 
relative to each other, under treat- 
ment. Evidence of this is contained 
in the correlations presented in Table 
6. All the correlations in the table 
are significant at the .01 level except 
the three with the values .17, .18, 
and .19. It is clear that the prob- 
ability preferences are quite stable 
from one to the other level of variance, 


whereas the variance preferences are 
much less so under probability treat- 


ment. Particularly interesting is the 


pattern of the correlations between 
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TABLE 6 


INTERCORRELATIONS OF I SCALE NUMBERS 
OF DIFFERENT J SCALES 


| Proba- 


bility 
Prefer- 


Variance Preferences 
Variance 
and Prob. 
Preferences 


Variance 


/ 


p 


1/2 
p 2/3 


Low Var. 


High Var. 


* Significant at the .01 level. 


variance preferences and probability 
preferences. At low probability, vari- 
ance preferences are negatively cor- 
related with probability preferences 
and at high probability they are 
positively correlated. This will be 
discussed in conjunction with Table 9 
later. 

The interrelations of variance and 
probability preferences may also be 
studied by analysis of variance. Prob- 
ability preferences (measured by | 
scale numbers) are analyzed in a two 
way (S X Variance treatment) analy- 
sis of variance presented in Table 7. 
The F tests reveal consistent indi- 
vidual differences in probability pref- 
erences over the two variance treat- 
ments but no significant effect of 
the variance treatment on probability 
preferences. In the latter case, the 
mean I scale numbers under low and 


TABLE 7 


PROBABILITY PREFERENCES UNDER VARIANCE 
TREATMENT 


PF 


Ss | 30.7482 | 30.672* 
Var 1.6500 | 1.646 
Error 1.0025 | 


* Significant at .01 level 


high variance treatment 
and 6.19, respectively. 

In order to study the effect of 
probability treatment on variance 
preferences in more detail Ss were 
divided into three groups, A, B, and 
C, on the basis of their probability 
preferences. This was feasible be- 
cause probability preferences were 
independent of variance treatment 
and were very stable (r = .93). The 
three groups were formed on the 
following basis: A was composed of 
Ss with I scale numbers 1 to 4 inclu- 
sive (N = 27), B was composed of Ss 
with I scale numbers 5 to 9 inclusive 
(N = 27), and C was composed of Ss 
with I scale numbers 10 and 11 
(N = 28). The few Ss (11) whose 
two I scale numbers under low and 
high variance treatment did _ not 
permit a unique assignment to one 
of these three groups were omitted. 
An analysis of variance of the variance 
preference I scale numbers of these 
three groups under probability treat- 
ment is presented in Table 8. The 
F tests reveal consistent individual 
differences in variance preferences 
over the three probability treatments 
and a significant effect of the prob- 
ability treatment on the variance 
preferences. In the latter case, the 


6.01 


are 


TABLE 8 


VARIANCE PREFERENCES UNDER PROBABILITY 
TREATMENT BY PROBABILITY 
PREFERENCE Groups 


Source 
Between Ss | 81! 65.48 
Prob. Pref. Groups | 2) 65.47 | 
Error | 79) 65.48 
Between Prob. 
Treatments 
Ss X Treatments 
Groups X Treat- 
ments 4 
Error 158 


3.096* 


2 | 285.56 | 
162 | 21.15 | 


308.96 
13.52 


* Significant at the .01 level. 
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rABLE 9 


MEAN VARIANCE PREFERENCES OF PROB- 
ABILITY GROUPS UNDER PROBABILITY 
TREATMENT 


Probability Treatment 
Prob. Pref. 
Groups Means 
f 


9.93 , 7.2 
B 6.59 r 8.1 
Cc 3.30 | 11.95 | 13.2 


6.57 


Means 


9.58 


mean I scale numbers under the three 
probability treatments of p = 1/3, 
1/2, and 2/3 are, respectively, 6.57, 
9.98, and 9.58, signifying that the 
average ideal variance at p = 1/2 and 
p = 2/3 was greater than for p = 1/3. 
When the odds were even or in his 
favor, the average S preferred more 
variance. 

A significant interaction between 
the probability preference group and 
probability treatment is observed. 
The nature of this interaction is made 
clearer by study of the mean variance 
preference in each cell of the design 
(Table 9). This table also reveals 
what underlies the pattern of cor- 
relations between variance preferences 
and probability preferences presented 
in Table 6. Probability preference 
Group A is constituted of Ss who 
prefer low probabilities, i.e., long 
shots, whereas Group C is the other 
extreme, they prefer the almost sure 
thing at the small risk of a large loss. 
Looking at the rows of Table 9, it is 
evident that the largest mean is in the 
diagonal, i.e., at the odds or skewness 
an S prefers he prefers more variance. 
So those Ss who prefer low prob- 
abilities tend to choose high variance 
bets at those odds. This is the reason 
the pattern of correlations between 
probability preferences and variance 
preferences in Table 6 ranged from 
significantly negative to significantly 
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positive. It is interesting to note 
that for fair bets (the column with 
pb = 1/2) those who prefer more 
skewness (Groups A and C) prefer 
higher variance bets than do Ss in 
Group B who prefer fair bets. 


DISCUSSION 


The results of this experiment sup- 
port the hypothesis that variance pref- 
erences* exist and are generated by 
folding a joint scale. However, because 
of the flexibility of the expected utility 
model, it is possible to find, for each 
variance preference ordering that folds 
the joint scale, a nonlinear utility func- 
tion of money which explains the order- 
ing equally well. The fact that the 
many possible preference orderings ad- 
missible under the utility interpretation 
do not occur, but that instead only those 
admissible under a variance preference 
interpretation occur, is not conclusive. 
The argument of those who would still 
prefer a utility interpretation might 
be as follows: the utility functions cor- 
responding to those preference orderings 
which did not occur may be, in some 
sense, unreasonable, in spite of the fact 
that they are still monotonically in- 


creasing with money. 


The problem which this argument 
raises is a mathematical one—charac- 
terizing the classes of utility functions 
which would correspond to various 
preference orderings on variance. It 
may be, for example, that those utility 
functions corresponding to preference 
orderings on a variance scale have fewer 
inflection points than those utility func- 
tions corresponding to preference order- 
ings outside of the set of variance prefer- 
ences. If one agrees that utility func- 
tions for money with many inflection 
points are unreasonable, and that the 


reasonable ones are just those which 


*The term “variance preference” is used 
in the generic sense of preference for disper- 
sion. As far as these data are concerned, 
any measure of dispersion which is mono- 
tonic with variance is equally admissible as 
an hypothesis. 
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correspond to preference orderings which 
can otherwise be interpreted as variance 
preferences, then from the data in this 
experiment, there is less ground for a 
choice between these two interpretations. 
If, however, there exists a subset of 
preference orderings, admissible under 
a utility interpretation and not ad- 
missible under a variance preference, 
but corresponding to utility functions 
with at most one inflection point, then 
this argument for a utility interpretation 
is defeated. The mathematical problem 
is still unsolved. 

The fact that the variance preferences 
of Ss shift under probability treatment 
in a way related to their skewness 
preferences must also put constraints 
on the admissible utility functions and 
this might provide a further basis for 
choosing between these interpretations. 

The concept of probability prefer- 
ences, reformulated as a concept of 
skewness preferences, is also given sup- 
port by this study. It appears that 
individual skewness preferences exist 
which are very stable over shifts in the 
level of variance, from a variance of 
$1.00 to a variance of $25.00. 


It appears that a psychological concept 
of utility for risk is not to be interpreted 
simply as a preference for variance or 
a preference for skewness but rather as 
some not very simple function of both 


of these. There is clear evidence of 
interaction between these two variables. 
Speculation from the results would 
suggest that skewness plays a dominant 
role, and as a bet deviates from S’s 
preferred odds, he prefers less variance. 

Before a model can be constructed 
in this area, the relation of variance 
and skewness preferences to expected 
value (the first moment) must also be 
studied. An experiment by Royden, 
Suppes, and Walsh (1959) is closely 
related to this problem and their findings 
suggest that variance preference patterns 
change in a rather complex fashion as 
expected value varies. The higher 
moments of the distributions that de- 
scribe gambles, such as kurtosis, also 
remain to be investigated. 
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SUMMARY 


An alternative is suggested to the maxi- 
mization of expected utility model: A gamble 
can be characterized by the expectation, 
variance, and skewness of its probability 
density distribution over money; and while 
S will always prefer more expectation (other 
things being equal), he may have a utility 
for risk which will exhibit itself as a preference 
for certain amounts of variance and skewness 
While a variance preference is isomorphically 
interpretable as a utility function for money, 
there are many fewer admissible preference 
orderings under the former interpretation 
than the latter and this provides a basis 
for experimental test. 

A study was carried out on bets which 
were constant in expectation but which 
varied in skewness or variance with the 
other variable held constant. Replicated 
pair comparisons permitted measurement of 
inconsistency of choice behavior, testing 
stochastic transitivity, construction of the 
stochastically dominant preference ordering, 
and an unfolding analysis of these preference 
orderings. The principal conclusions were 
as follows: 


1. Degree of inconsistency of preferences 
is a significant characteristic of Ss. 

2. Weak stochastic transitivity of prefer- 
ences is satisfied by most Ss. 

3. Variance preference orderings were 
confined almost exclusively to the admissible 
set generated by folding a variance scale. 
Instances of the greater variety admissible 
under a utility interpretation were rare. 
Approximately one-third of the Ss preferred 
low variance, one-third high variance, and 
one-third preferred intermediate degrees of 
variance. 

4. Except for the inflated popularity of 
fair bets (S = 0, i.e., p = 1/2), particularly 
for women, the existence of skewness prefer- 
ences in the sense of folding a probability 
scale was suggested with the great majority 
of Ss having their ideals at one end or the 
other of the skewness scale. 
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FACILITATION OF CONCEPT FORMATION THROUGH 
MEDIATED GENERALIZATION ! 


SARNOFF A. MEDNICK®? anp JONATHAN L. FREEDMAN * 


Harvard University 


Underwood (1952) has suggested 
a method for the study of concept 
formation which assumes that the 
attainment of a concept calls for 
the perception of a relationship be- 
tween concept instances. The per- 
ception of this relationship is in large 
part dependent on the probability 
of the occurrence of the relevant 
associative responses to the concept 
instances. This probability is termed 
response dominance. The mean re- 
sponse dominance of all instances 
representing a particular concept is 
termed dominance level. 

Underwood and Richardson (1956b) 
have shown that the ease of attain- 
ment of a concept is directly related 
to dominance level. One implication 
of these results and of the theory 
in general is that it should be possible 
to facilitate the attainment of a 
particular concept by increasing the 
strength of the associations between 
the concept instances and the correct 
concept response. Norms giving the 
response dominance of conceptual 
responses to 213 instances have been 
reported by Underwood and Richard- 
son (1956a). However, it seems 
likely that by certain experimental 
manipulations these response prob- 
abilities could be temporarily altered. 
If this alteration took the form of 
strengthening certain chosen associa- 
tions, it should result in the facilita- 
tion of the attainment of the chosen 
concept. 

1 This study was partially supported by a 
grant from the National Science Foundation 
(NSF-G 3855). 

2 Now at the University of Michigan 

3 Now at Yale University 
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The present experiment employs 
a technique involving mediated gen- 
eralization to increase the strength 
of response dominance and to facili- 
tate concept formation. This tech- 
nique is based in part on the work 
of Russell and Storms (1955) who 
attempted to demonstrate that medi- 
ated generalization would facilitate 
paired-associate learning. They pre- 
sented Ss with two paired-associate 
lists, the first of which was designed 
to facilitate the learning of the 
second. For example, one pair in the 
first list was ‘‘cef-stem”’; a pair in the 
second list was ‘‘cef-leaf.’’ ‘‘Stem”’ 
elicits the associate, ‘‘flower,’’ which 
in turn elicits ‘leaf.’ The assump- 
tion was that when ‘‘cef-stem” 
learned, words associated with ‘‘stem”’ 
occur implicitly and the associations 
“cef-flower” and ‘‘cef-leaf’’ are also 
being implicitly learned. Thus the 
pair ‘‘cef-leaf’’ should be easier to 
learn than if S had not had experience 
with “cef-stem.” 


1S 


In the present experiment Ss are 
also presented with two lists, the 
first of which is designed to facilitate 
the mastering of the second. How- 
ever, instead of two paired-associate 
lists, one paired-associate list and one 
concept-formation list are used. By 
constructing the lists in accordance 
with the mediated generalization para- 
digm we attempted to facilitate the 


attainment of selected concepts. 


METHOD 


Subjects. 
volunteers 
Colleges. 


The Ss were 30 undergraduate 
from Harvard and_ Radcliffe 
There were 7 men and 23 women. 
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Design.—The design of the experiment is 
best explained by reference to Table 1 
There are two paired-associate lists (I and 
Il) and a concept-formation list. Paired- 
Associate List I is designed to facilitate the 
attainment of the concept “white’’ in the 
concept-formation list. Prior learning of 
Paired-Associate List II is designed to facili- 
tate the attaininent of the concept “‘soft”’ in 
the concept formation list. 

The method of facilitation might best be 
explained by example. Thus in order to 
facilitate the production of the concept 
response ‘“‘white’’ to the concept instance 
“sugar” (Table 1) prior pairing of the words 
sugar-black”’ is given in Paired-Associate 
List I. It is assumed that the word “black” 
elicits the implicit response “white” causing 
the word “white” to occur in contiguity with 
the word “sugar,” strengthening the associa- 
tion “sugar-white.’"” When SS is subsequently 
presented with the instance “sugar’’ in the 
concept-formation task the concept “white” 
will be attained more easily than it would 
have been if no pretask training had been 
given. That is, mediated generalization 
strengthens the association“ sugar-white”’ ; 
strengthening this association raises the 
response dominance of the concept instance 
“sugar” (since response dominance is simply 
the strength of association between “sugar”’ 
and “‘white’’) ; raising the response dominance 
should facilitate the production of the concept 
response ‘“‘white’’ to the concept instance 
“sugar.”’ Since all of the instances of the 
concept “white” are facilitated in this manner 
by relevant associate pairs in List I we would 
predict that prior experience with List | 
would facilitate attainment of the concept 
“white.” 

For 15 Ss (3 men and 12 women) “‘white”’ 
was facilitated and “‘soft’’ was not facilitated 
(List I). For the other 15 Ss “‘soft’’ was 
facilitated and “white’’ was not facilitated 
(List II). Thus we could sum across the 
facilitated concepts (‘“‘white” preceded by 
learning of List I and “‘soft’’ preceded by 
learning of List II) and sum across the non- 
facilitated concepts (“‘soft’ preceded by 
learning of List I and “white” preceded by 
learning of List II) and compare performance 
on facilitated and nonfacilitated concepts 
knowing that any resultant differences could 
not be due to unique properties of the specific 
concepts or concept instances employed. In 
order to further insure that the facilitated 
and nonfacilitated concepts differed only with 


“ 


respect to the independent variable, the 


responses were kept the same in the non- 


FORMATION 


PAIRED-ASSOCIATE 


Paired 


Pair 
sugar-black 
hailstone-sheep 
button-bread 
cabbage-salt 


pup-afraid 
grape-swift 
peach-beautiful 
cradle-anger 


anchor-king 
camel-dream 
forest-command 
barrel-lion 


ABLE 1 


AND CONCEPT-FORMATION 


Lists 


Associate List I 


Relevant Assoc. 


blac k- white ( 751)" 
sheep-white (.009) 
bread-white (.015) 
salt-white (.006) 


none 
none 
none 
none 


none 
none 
none 
none 


Concept-Formation List 


Instance 


sugar 
hailstone 
button 
cabbage 


pup 

grape 
peach 
cradle 


an hor 
camel 
forest 
barrel 


Response 
Dor 


Concept 
inance 


“white” 
(M = 7.50)» 


Paired-Associate List II 


Pair 


sugar-afraid 
hailstone-anger 
button-beautiful 
cabbage-swift 


pup-hard 
loud-soft 

peach-smooth 

cradle-comfort 


anchor-king 
camel-dream 

forest-command 

barrel-lion 


. Probability of occurrence of response term (e., 
“white’’) to stimulus term (e.g., ““black"’) 


| 
| 
a Ee 


Relevant Asso 


none 
none 
none 
none 


hard-soft (.674)* 
loud-soft (.541) 
smooth-soft (.206) 
comfort-soft (.069) 


none 
none 
none 
none 


£ 


> Mean response dominance of concept response 


e.g.. ““white’’) 





280 


facilitated pairs of the two paired-associate 
lists. 

The third concept, “‘large,’’ was included 
as a buffer concept in order to increase the 
difficulty of the concept list. Since its ap- 
pearance was not counterbalanced with 
respect to facilitation it could not be used 
as a control for facilitation. 

Materials.—The details of the construction 
of the lists follow. In making the paired- 
associate lists 16 words were first selected 
from the Minnesota Kent-Rosanoff Word 
Association Test norms (Russell & Jenkins, 
1954). Of these 16 words, four have “‘white’ 
as a have “soft,” 
and eight have neither “white’’ nor ‘‘soft,”’ 
as a common response. The probability of 
each of these associations is given in Table 1 
In Paired-Associate List I the four words to 
which 
paired (as responses) with the four words 
that are “white” in 
the concept-formation list, while the words 
that are concept “soft” were 
paired with neutral words. Paired-Associate 
List I] reversed the procedure: words that 
are concept instances of “‘soft’’ in the concept 
formation list were paired with words which 
elicit ‘“‘soft’’ as an associate, while conéept 
instances of ‘“‘white’’ were paired with neutral 
words. All instances of the concept “‘large”’ 
were paired with neutral words in both lists. 

As is indicated in Table 1 the words 
designed to facilitate the attainment of the 
“soft” have a higher mean prob- 
ability of response than those designed to 
facilitate the attainment of the concept 
“white.” Due to the limited number of 
appropriate words available in the Min- 
nesota norms, this inequality could not be 
avoided. However, the results of a study by 
Freedman and Mednick (1958) indicate that 
the polarization effect of the extremely strong 
“black” and ‘“white’’ 
might be expected to offset this difference 
extent. In any event, since the 
experiment is concerned chiefly with a com- 
parison of the facilitated and nonfacilitated 
concepts, and the concepts “soft” and “‘white”’ 
appear equally in both conditions, any 
difference in difficulty level which 
exist would not affect the major results 

The concept-formation list (Table 1) 
contains three (‘“‘white,”’ “soft,” 
and “‘large’’) each of which is represented by 
four nouns taken from the list of nouns for 
which Underwood and Richardson (1956a 
have ascertained the dominance level of 
various responses. Based on these norms the 


common response, four 


“white’’ is a common response were 
concept instances of 


instances of 


concept 


association between 


to some 


might 


concepts 
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means of response dominance of these con- 
cepts were made approximately equal. The 
dominance level was purposely kept quite 
low because it was thought that any facili- 
tating effect would be more apparent if the 
lists were difficult. Also, this difficulty level 
of the concept list would produce a wider 
range of scores. 

Various factors restricted the selection 
of concepts for the concept list: (a) it was 
necessary to choose concepts that could be 
found in the Word 
responses to the 
test; (b) it 


Minnesota Association 
word 
was important to 
minimize the amount of interference among 
the various concept instances (e.g., instances 
such as “rabbit’’ to which both “white” and 
soft’’ were possible responses had to be 
avoided); (c) the concepts used had to be 
represented by four very low-dominant 
instances that could be approximately 
equalized in terms of mean and variance of 
dominance. The concepts “white” and “‘soft”’ 
were the only ones found that met all of these 
requirements 

Procedure-—Each S was presented with 
one of the paired-associate lists and 
required to learn it to a 
successive perfect trials. After a slight pause 
during which tapes were changed, S was 
presented with the concept-formation instruc- 
tions. It was explained to S that the list 
contained 12 words that could be placed in 
3 groups of 4 words each, and that all of the 
4 words in each of these groups could be 
described by the same adjective The S 
was required to respond to each word with 
an adjective that he thought described that 
word. It was made clear that the adjective 
must describe a physical quality of the noun 
When S responded E said “right” or “wrong.” 
The S’s task was to discover the three correct 
adjectives and to apply them to the correct 
nouns. The test was continued to a criterion 
of one perfect trial or was terminated at 18 
trials. The procedure for the concept forma- 
tion task has been described in more detail 
elsewhere (Underwood & Richardson, 1956a). 

Both the paired-associate lists and the 
concept-formation list were presented at a 
4-sec. rate in three different orders on a 
Gerbrands memory drum. There 


norms as standard 


association 


“ 


was 
criterion of two 


Was an 


interval of 8 sec. between trials except for 


an interval of 20 sec. (due to a blank interval 
on the tape) after every three trials of the 
concept-formation list. To control for any 
effect of order of presentation of the particular 
words the three orders of the concept-forma- 
tion list and the paired-associate lists were 
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the same for all Ss. The orders of presenta- 
tion of the stimulus words were kept the same 
in the two paired-associate lists 


RESULTS AND DISCUSSION 


The data which were subjected to 
analysis were the number of trials 
to one perfect trial on a concept 
(this meant giving the correct concept 
four instances of a 
the same trial) and the 
number of errors made on each con- 


response to all 
concept on 


cept in the entire course of the experi- 
ment. As noted above, the concept 
“large” was omitted from this analy- 
sis. All Ss failing to attain a concept 
in the 18 allotted trials were given 
a score of 19. Facilitated concepts 
(“‘white”” preceded by learning List 
I, “soft’’ preceded by learning List 
11) were compared with nonfacilitated 
concepts (‘‘soft’’ preceded by learning 
List I, ‘‘white” preceded by learning 
List II). 

Table 2 presents the data for the 
number of Ss who attained facilitated 
nonfacilitated 
blocks of 
seen that the facilitated concepts were 
that fewer Ss 

No S failed to 
solve the facilitated concept whereas 
failed to the non- 
facilitated concepts. The mean num- 
ber of trials taken to solve each con- 
cept was 7.17 for the facilitated con- 


and concepts on suc- 


cessive trials. It can be 
earlier and 
failed to solve them. 


solved 


seven Ss solve 


TABLE 2 


NUMBER OF Ss ATTAINING CONCEPTS ON 
SucCCESSIVE BLocks OF TRIALS 


Trial on Which 
oncept Attainment 
Took Place 


1—4| 5-8| 9-12) 13-18 


Facilitated 7 16 4 
Nonfacilitated | 0 10) 7 


2 


suffer 3 13 5 
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cepts and 12.1 for the nonfacilitated 
concepts, a_ significant difference 
(t=3.67, 29 df, P < .001). The mean 
numbers of errors on the facilitated 
and nonfacilitated concepts were 16.13 
and 36.77, respectively. This differ- 
ence was significant (t=3.4 29 df, 
P <.005). 


Although it is evident that facilita- 
tion occurred, there is still the question 
of how the learning 
facilitated concept attainment. The 
results of a study by Freedman and Med- 
nick (1958) suggest that the facilitation 
could making the 
first correct response to a concept occur 
earlier than it would 
the paired-associate 


paired-associate 


have operated by 
without 
learning. If the 
first correct response to facilitated con 
cepts is given before the first correct 


have 


response to nonfacilitated concepts, the 
former would to attain than 
the latter. The mean trial on which the 
first correct response was given was 3.5 
for facilitated and 8.4 for 
nonfacilitated concepts. This difference 
was found to be (¢ = 2.87, 
29 df, P < .005). 

It is also possible that the facilitated 
concepts were easier to attain once the 


correct response was given. That is, 
f response 


be easier 


concepts 


significant 


the fact that the first 
to facilitated concepts was given earlier 
might not be the only explanation of the 
facilitation; the training with the paired- 
associate lists might also have enabled 
Ss to apply the correct response (once 


correct 


it was given to one instance of a concept) 
more easily to the facilitated 
than to the nonfacilitated 
The that the 
concepts attained an 


concepts 
concepts. 
facilitated 
average of 
4.3 trials after the first correct response 
was given; the figure for nonfacilitated 
concepts is 3.7 trials. Thus, once the 
response discovered the 
nonfacilitated actually 
attained more quickly than 
the facilitated concepts (but not signifi- 
cantly 


results show 


were 


correct was 


concepts were 
somewhat 
so). These results (i.e., the 
facilitated concepts being attained no 


more quickly once the correct response 
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was known) can be explained by the 
fact that usually by the time the non- 
facilitated concept was discovered the 
facilitated concept had already been 
attained. In addition, as might be 
predicted from the dominance levels, 
the buffer concept ‘‘large’’ was on the 
average attained earlier than the non- 
facilitated concepts (mean number of 
trials to attainment of large was 10.2). 
This means that in many cases when S 
made his first correct response to the 
nonfacilitated concept he had already 
attained the other two concepts (facili- 
tated and buffer). At this point only 
four instances remained to which the 
correct response was not known. Thus 
there was relatively little difficulty in 
applying the correct response to the 
remaining instances. 

A possible objection to the present 
experiment might be that Ss gave the 
correct response to the facilitated con- 
cepts more quickly because the paired- 
associate learning made them aware of 
this response. If S were conscious of 
the relationship between the paired- 
associate list and the concept-formation 
task, he might be able to discover the 
correct response to the facilitated con- 
cept by looking for the relationship 
between particular words on both lists 
(e.g., S could question the significance 
of the pair “‘sugar-black,”’ realize that 
“black” is associated with “white,” 
and thus discover the correct response 
to “sugar’’). In other studies demon- 
strating mediated association or medi- 
ated generalization (Bugelski & Schar- 
lock, 1952; Russell & Storms, 1955), 
it was found that Ss were unaware of the 
process of mediation. Immediately fol- 
lowing the procedures of the present ex- 
periment all Ss, except for the first four 
Ss, were questioned intensively about 
any observed relationship between the 
paired-associate and concept-formation 
lists. Of the 26 Ss interviewed, none ex- 
pressed awareness of the relationship be- 
tween the lists. It seems likely that the 


facilitation occurred ‘“‘unconsciously"’ by 
strengthening of the appropriate mediat- 
ing associations. 
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A variable that may prove to be 
significant is the strength of the associa- 
tion between the facilitating words 
(e.g., “‘black-white”’ is a much stronger 
association than ‘“sheep-white’’). Al- 
though the present study was not 
designed to investigate this variable, 
there was some indication in the data 
that stronger associations have a greater 
facilitating effect. 

It might be asked whether or not it is 
possible to interfere with the attainment 
of concepts in a concept-formation test. 
One possible method for accomplishing 
this is to strengthen competing re- 
sponses. For example, common re- 
sponses to “grape” are “round,” “‘juicy,” 
“purple,” and “‘soft.”” If ‘‘grape’’ is an 
instance of the concept “‘soft,”’ strength- 
ening the associations between “grape”’ 
and “juicy,” “purple,” or ‘‘round”’ 
should interfere with the attainment 
of the concept ‘‘soft’’ by making com- 
peting responses occur and thus cause 
the correct response (i.e., “‘soft’’) to be 
retarded. Underwood (1957) has shown 
that concepts represented by instances 
with strong competing responses are in 
fact more difficult to attain than concepts 
represented by instances that do not 
have strong competing responses. There- 
fore, by employing the paired-associate, 
mediated generalization method used in 
the present study, to strengthen inter- 
fering (i.e., 
should be possible to 
formation more difficult. 


competing) responses, it 


make concept 


SUMMARY 


Thirty Ss learned one of two paired- 
associate lists of 12 pairs and were then 
presented with a list of 12 nouns and were 
instructed to discover into what three groups 
the nouns could be divided and what adjec- 
tives could describe each group. The paired- 
associate lists were each designed by a 
method based on mediated generalization 
to facilitate a concept in the concept-forma- 
tion list. The facilitated concepts were 
attained more quickly and with fewer errors 
than the nonfacilitated concepts. An expla- 
nation of the process of facilitation is offered 
and is supported by an analysis of the results 
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EFFECT ON VISUAL THRESHOLD OF LIGHT OUTSIDE 
THE TEST AREA! 


IRA T. KAPLAN ? 


AND HARRIS RIPPS 


Postgraduate Medical School, New York University 


The luminance threshold of a test 
field can be lowered or raised by the 
presence of an inducing field. When 
the inducing luminance is near thresh- 
old, the threshold of the test field 
may be lowered (cf. Beitel, 1934, 
1936; Karn, 1935; van den Brink & 
Bouman, 1954). When the inducing 
luminance exceeds a critical value, 
test threshold is raised (Beitel, 1936; 
Spencer, 1925). Both effects are larg- 
est when the test and inducing fields 
are adjacent and decrease as the dis- 
tance between the stimuli is increased. 

The purpose of the present experi- 
ment was to study the influence upon 
test threshold of the luminance, 
number, and location of inducers in 


The 


the fovea and in the periphery. 
inducers were a fixed distance from 
the test field while the distance be- 
tween the inducers was varied. 


METHOD 


Apparatus—A diagram of the optical 
system is shown in Fig. 1. The two sources 
(S) were 6-v. automotive lamps operated on 
direct current. Two lenses (C) in front of 
each lamp focused the filament on a flashed 
opal glass plate (G). The stop (P) in front 
of each opal glass made the focus at S’s eye 
2 mm. in diameter, so that changes in pupil 
size did not alter the amount of light entering 
the eye. 


1 This article is based upon a dissertation 
submitted by the first author in partial 
fulfillment of the requirements for the degree 
of Doctor of Philosophy in the Faculty of 
Pure Science, Columbia University. The 
authors gratefully acknowledge the advice 
received from C. H. Graham, W. J. McGill, 
C. G. Mueller, and Yun Hsia of Columbia. 

2Now with the System Development 
Corporation, Lodi, New Jersey. 


A sector disk (D) continuously driven by a 
synchronous motor transmitted test flashes 
5.3 msec. in duration. The E presented single 
flashes by opening a shutter (R) for one 
rotation of the disk. Lens L; collimated light 
from the opal glass. Test luminance was 
varied by Wratten neutral-tint filters (F) 
and a neutral-tint wedge and balancer (WB 
A stop (T) at the principal focus of Lens 
L;, formed a circular test field 26’ of visual 
angle in diameter. A semitransparent mirror 
(M) reflected the test beam and transmitted 
the inducing beam to Lens Ls, which brought 
both beams to a focus at S’s eye (E). Thus 
both test and inducing fields were presented 
in Maxwellian view 

The inducing light was collimated by Lens 
Le. Its luminance was varied by Wratten 
neutral-tint filters (F A stop (1) at the 
principal focus of Lens L; formed the inducing 
field. Each inducer 10’ in diameter 
rhe distance from the center of the test field 
Thus 
the shortest distance from the circumference 
of the test field to the circumference of each 
inducer was 7’, and the diameter of the whole 
stimulus field was 60’ The stimulus field 
is shown in Fig. 2. 

A luminous red pattern at the 
same apparent distance as the stimulus field, 
was reflected from a microscope cover-slip 
between Lens L; and the eye. (This is not 
shown in Fig. 1.) When the fovea 
stimulated, the fixation pattern was a line 
with a gap in it. The test field appeared in 
the center of the gap, which S fixated. For 


was 


to the center of each inducer was 25’. 


hixation 


Was 


Fic. 1. The apparatus. Description in text. 
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O 


field 
Dimensions are in 


Fic. 2. The 
eight inducers 
of visual angle. 


test surrounded by 


minutes 


peripheral determinations the fixation pattern 
was a cross 10° temporal to the center of the 
test field. 

he S sat in a dark room. A biting board 
and a head rest helped him to keep his right 
eye at the focus of the beams. He signaled 
his responses with a buzzer 

Procedure.— There 
HR was emmetropic 
corrected his myopia 

The S dark-adapted for 10 
foveal determinations and for 30 min. before 
peripheral determinations The inducers 
were on continuously while the test field 
flashed rhe S light-adapted to the 
inducing luminance for 3 min. before thresh- 
olds were determined by the method of 
limits with the following inducers present: 


were two male Ss 


IK wore glasses that 


min. before 


was 


one, two adjacent to each other, two spaced 
on opposite sides of the test field, four ad- 
jacent, four evenly spaced around the test 
field, and all eight Test luminance was 
altered by 0.05 log unit steps until S's re- 
sponse changed from negative to positive or 
Ascending and descending series 
were presented in ADDA order. The induc- 
ing luminance was varied from — 2.70 to 3.51 
log mL. in the fovea and from —4.49 to 3.73 
log mL. in the periphery 


vice versa. 


RESULTS 


The results are plotted in Fig. 3-6. 


average of 20 
for each of the 


Each point is the 
determinations, 10 
two Ss. 
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Fic. 3. Foveal test threshold as a function 
of inducing luminance for different numbers 
and locations of inducers 


The fovea.—Figure 3 shows test 
threshold as a function of inducing 
luminance for different numbers and 
locations of inducers. The inducers 
were not visible at luminances below 
—1.75logmL. Theluminance thresh- 
old of the test field was higher than 
that of the inducers because of the 
brief duration of the exposure 
(cf. Graham & Margaria, 1935). 
There was no change in test threshold 
until the inducing luminance reached 
—0.62 log mL. At this value test 
threshold was raised slightly by four 
spaced inducers and by eight inducers. 
Test threshold rose for all numbers 
of inducers as the inducing luminance 
increased from 0.30 to 3.51 log mL. 
The rate of rise was steeper at higher 
luminances. 


test 


___2030 
-062 
A7S 6-276 





Test threshold intlog mi . 














“4 
Number of inducers 


Fic. 4. Foveal test threshold as a function 
of number and location of inducers at different 
inducing luminances, which are labeled in 
log mL. The filled symbols represent adja- 
cent inducers. Other conditions are repre- 
sented by open symbols. 
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Figure 4 shows test threshold as a 
function of number and location of 
inducers at different inducing lumi- 
nances. The effect produced by a 
single inducer was similar for each 
of the eight locations around the test 
field. From 0.30 to 3.51 log mL. 
two opposite inducers were more 
effective than two adjacent, and 
four spaced inducers were more effec- 
tive than four adjacent. Test thresh- 
old rose as the number: of inducers 
increased, but successive inducers 
produced decreasing increments in 
threshold log luminance. 

The periphery.—Figure 5 shows 
test threshold as a function of inducing 
luminance for different numbers and 
locations of inducers. The inducers 
were not visible at —4.49 log mL. 


Test thresholds were slightly lower 
than with no inducers present, proh- 
ably because additional dark-adapta- 
tion took place during the session. 
The inducers were dimly visible at 


— 3.46 log mL., where test threshold 
began to rise. As inducing log 
luminance increased, the rate of rise 
in threshold log luminance first in- 
creased, then then in- 
creased again. The decrease in rate 
occurred at an inducing luminance 
of 0.50 log mL. for one inducer and 
for two adjacent inducers. For larger 
numbers of inducers, the 


decreased, 


however, 
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Fic. 5. Peripheral test threshold as a 
function of inducing luminance for different 
numbers and locations of inducers. 
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Fic. 6. Peripheral test threshold as a 
function of number and location of inducers 
at different inducing luminances, which are 
labeled in log mL. The filled symbols 
represent adjacent inducers. Other conditions 
are represented by open symbols. 


decrease occurred at lower inducing 
luminances and higher test thresholds. 

The range of thresholds was larger 
for the periphery than for the fovea. 
Peripheral thresholds were initially 
below foveal thresholds, but rose 
above them as inducing luminance 
increased. With no inducers present 
the peripheral threshold was 1 log mL. 
less than the foveal. When the 
inducing luminance was about 0.5 
log mL., peripheral thresholds be- 
came higher than foveal. At about 
3.5 log mL. peripheral thresholds 
were 1 log mL. higher than foveal 
thresholds. 

Figure 6 shows test threshold as a 
function of number and location of 
inducers at different inducing lumi- 
nances. The effects were similar to, 
but larger than, those observed for 
the fovea. The rise in threshold 
produced by one inducer was about 
equal for each of the eight positions 
around the test field. From —1.63 
to 3.73 log mL. two opposite inducers 
were more effective than two adja- 
cent, and four spaced inducers were 
more effective than four adjacent. 
Increasing the number of inducers 
raised test threshold, but each addi- 
tional inducer yielded a smaller in- 
crement in threshold log luminance. 
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TABLE 1 


lest THRESHOLDS IN LOG MILLILAMBERTS 


Number and Location of Inducers 


Inducing 
Luminance 
(Log mL.) 


Locus of 


2 Inducers 
Stimulation 


Super Adj. 
—0.95 
—0.87 
—0.69 
—0.12 


+0.30 
+1.43 
+2.38 
+3.51 


Fovea —0.93 
—0.85 


—0.65 


— 1.63 
—0.36 
+0.50 
+1.60 
+-2.60 
+3.73 


Periphery — 1.68 
—0.99 
—0.36 
—0.14 
+0.30 
+ 1.02 


Note 
= separate. 


Abbreviations: Super 


Distance effects.—Beitel (1936) has 
demonstrated that the rise in test 
threshold produced by an inducer, 
decreases as the distance between the 
test field and the inducer is increased. 
The present experiment shows that 
when the distance between the test 
field and a number of inducers is 
constant, the rise in threshold in- 
creases as the distance between the 
inducers is increased. 

Test thresholds for a given number 
of inducers at different separations 
are presented in Table 1. The 
threshold values for superimposed 
inducers were obtained by inter- 
polation from the curves for one 
inducer in Fig. 3 and 5 except for 
those in the last row of each table, 
which were obtained by extrapolation 
and so are less accurate. Super- 
imposing two inducers is equivalent 
to increasing the luminance of one 
of them by 0.30 log units. Super- 
imposing four or eight inducers is 
the same as increasing the luminance 
of one inducer by 0.60 or 0.90 log 
units, respectively. 

From 0.30 to 3.51 log mL. in the 
fovea and from —1.63 to 3.73 log 


Opp 


—0.87 
—0.77 
—0.57 
+0.01 


— 1.36 
—().42 
—0.03 
+0.16 
+-0.64 
+1.28 


superimposed, Adj 


4 Inducers 8 Inducers 


Super Adj Spa. Super Separ 

—0.79 
—0.61 
—0.38 
+0.29 


—0.80 
—0.69 
—0.43 
+0.16 


—0.89 
—0.75 
—0.52 
+0.07 


—0.91 
—0.83 
—0.51 
+0.04 


—0.89 
—0.80 
—0.36 
+0.19 


—1.59 
—0.83 
—().43 
—0.19 
+0.45 
+1.28 


—1.18 
—0.27 
—0.01 
+0.20 
+0.66 
+1.36 


—0.92 

0.00 
+0.11 
+0.35 
+-0.97 
+1.58 


— 1.46 
—0.60 
—0.33 
—0.15 
+0.60 
+1.56 


—0.66 
+0.05 
+0.19 
+-0.42 
+1.09 
+1.94 


= adjacent, Opp. = opposite, Spa. = spaced, Separ 


mL. in the periphery, two inducers 
raised test threshold more when they 
were opposite than when they were 
adjacent. Two adjacent inducers 
were about as effective as two super- 
imposed. Four inducers generally 
raised threshold least when super- 
imposed, more when adjacent, most 
when they were evenly spaced around 
the test field. It is consistent that 
four inducers were more effective 
when adjacent than when super- 
imposed, while two inducers were 


about as effective adjacent as super- 
imposed, because four adjacent in- 


ducers are spread over a_ larger 
distance than two adjacent. Finally, 
eight inducers surrounding the test 
field generally raised threshold more 
than eight superimposed inducers. 


The “difference method” (Garrett, 1953, 
p. 227) was used to calculate ¢ ratios for the 
data in Table 1. For the foveal results, 
the null hypothesis was rejected for the 
differences between two opposite and two 
adjacent and between four spaced and four 
adjacent, since the ¢ ratios are 9.7 and 11.0 
respectively, while P(t > 5.8) = .01 with 3 df 
For the peripheral results, P(t > 4.0) = .01 
with 5 df. The following differences were 
found to have t ratios larger than 4.0: Between 
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two opposite and two adjacent, ¢ = 7.9; 
between four adjacent and four superimposed 
and between four spaced and four adjacent, 
the ¢ ratios are 4.9 and 7.4, respectively; 
between eight separate and eight superim- 
posed, ¢ = 9.7. 


DISCUSSION 


The results demonstrate that test 
threshold rises as inducing luminance 
increases, as the number of inducers 
increases, and as the distance increases 
between a given number of inducers 
that are a constant distance from the 
test field. 

Karn (1935) and Beitel (1936) re- 
ported that test threshold was lowered 
by a threshold luminance inducer when 
both stimuli were flashed simultaneously. 
In the present however, 
test threshold was not lowered when the 
inducing luminance was near threshold, 
possibly because the inducers were on 
continuously while the test field 
flashed. 

In the test threshold 
a function of inducing luminance (Fig. 
3); the rate of rise was steeper at high 
inducing luminances. In the periphery 
the function was compound (Fig. 5): 
the rate of first increased, 
decreased, then increased again. 


experiment, 


was 


fovea, rose as 


then 
These 
results, like those for intensity discrimi- 
nation and dark-adaptation, can be 
related to the duplicity theory of vision 
(cf. Hecht, 1937). The foveal function 
is attributed to activity. The 
lower branch of the peripheral function 
is attributed to rods; the upper branch, 
to cones. As the number of inducers 
is increased, the transition from rod to 
cone 


rise 


cone 


dominance appears to occur at 
lower inducing luminances and _ higher 
test thresholds. Under corresponding 
conditions peripheral cone thresholds 
are higher than foveal cone thresholds. 

Eye movement, entoptic stray light, 
and neural interaction in the 
system may contribute to the 
test threshold. Involuntary eye 
ments during fixation cause the 


visual 
rise in 
move- 
image 
of the inducers to move on the retina. 
Riggs, Armington, and Ratliff (1954) 


observed that 1-sec. exposures permitted 
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a retinal image to move an average of 3’ 
of arc. In the present experiment the 
inducers were exposed continuously, 
and there was a 7’-space between them 
and the test field. Thus the image of 
the inducers might occasionally fall on 
and light-adapt the retinal area stimu- 
lated by the test field at later 
moment. 
Stray light 


some 


from the inducers that 
illuminates the retinal test area may 
increase the test luminance required 
for intensity discrimination. Stray light 
alone, however, account for 
the effects produced by varying the 
number and location of inducers. If 
the amount of stray light on the retinal 
test area determined these effects, then 
a given inducing flux would produce a 
constant effect, regardless of the number 
of inducers that contributed it.  In- 
creasing the number of inducers from 
one to two would test threshold 
as much as doubling the luminance of 
inducer, and adjacent inducers 
would be as effective as spaced inducers. 
But, at low inducing luminances, adding 
a second inducer opposite the first was 
as effective as a tenfold increase in the 
luminance of one inducer, while adding 
a second inducer adjacent to the first 
had little effect. In general, different 
numbers and locations of inducers that 
yielded the same flux of stray light over 
the test image produced different effects. 

It is however, that test 
threshold is influenced by the distribu- 
tion as well as by the amount of stray 
light. Stray retinal illumination de- 
creases with distance from the image 
(Boynton, Enoch, & Bush, 1954; De Mott 
& Boynton, 1958). Thus an inducer 
probably casts a gradient of stray light 
over the retinal test area. A more 
nearly uniform distribution of stray 
light can be achieved by reducing the 
size of the test field, so that a smaller part 
of the gradient covers the test image. 
If stray light alone raises threshold, 
then with a smaller test field different 
spatial arrangements that yield the same 
total flux should produce effects that are 
more nearly equal. Accordingly, a 
control experiment was performed using 


cannot 


raise 


one 


possible, 
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a test field 3’ in diameter. Varying the 
number and inducers 
duced effects similar to those obtained 
with the 26’-test field. This result sug- 
gests that neural interaction contributes 
to the effects. 

The effects of varying the distance 
between inducers resemble interaction 
effects recorded from the eye of Limulus 
by Hartline and Ratliff (1955). These 
authors found that the frequency of 
discharge from an illuminated receptor 
could be depressed by illumination of 
neighboring areas. With two inducing 
spots, the inhibitory effect was greater 


location of 


when the spots were on opposite sides 


of the test receptor than when they were 
grouped together on the same side. In 
view of the differences in method and 
organism between the work on Limulus 
and the present experiment, it cannot be 
asserted to what extent the resemblance 
reflects similar underlying processes 


SUMMARY 


\ circular test field surrounded by 
several spots of light (inducers), 
equidistant from the: test field 
nance threshold of the test field 
mined as a function of the luminance, number, 


was 
which were 
The lumi- 
was deter- 
and location of inducers in the fovea and in 
the periphery 
1. Test threshold rose 
increased When 
expressed in logarithmic 
the rate 
luminance 


as inducing lumi- 

luminance 
units, in the fovea 
increased as the inducing 
increased, and in the periphery 
the rate of rise first increased, then decreased, 
then increased again 

2. Test threshold rose 
inducers increased, but inducers 
produced decreasing increments in threshold 
log luminance 

3. The rise in test threshold produced by 
a given number of inducers, increased as the 
distance between the inducers was increased 
Thus, two or four inducers raised threshold 
more when they were evenly spaced around 


nance was 


of rise 


as the number of 
successive 


THRESHOLD 


pro- F 
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the test field than when they were grouped 
together on one side of the test field 

4. Varying the luminance, 
location of inducers produced larger effects 
in the periphery than in the fovea 


number, of 
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One approach to the problem of the 
relationship of the areas of rote learn- 
ing and concept learning is to manipu- 
late the same variables within each 
area. If the variables and their 
effects are the same for both areas 
then there is no basis for inferring 
different processes. Environmental, 
task, and S variables may be manipu- 
lated with this approach but con- 
clusions about the commonality of 
the learning process depends upon an 
adequate sampling of the tasks from 
the two areas. Since there is little 
agreement as to which tasks require 
concept learning a satisfactory sample 
of concept tasks is difficult to obtain. 

The approach of the present study 
is somewhat different from the first 
in that it focuses upon task variables 
and is more concerned with the 
dimensions which are related to the 
differences in the difficulty of learning 
selected verbal lists than in the proper 
classification of the lists. The verbal 
lists were constructed from material 
selected from three different sources 
and were studied in an attempt to 
obtain information concerning the 
dimensions related to differences in 
learning. It is assumed that any in- 
formation concerning relevant dimen- 
sions may be useful in analyzing other 
lists but it is not necessary to assume 
that the lists are representative of 
any particular class of materials. 
Thus the words rote and concept are 

' This research was supported by a Na- 
tional Science Foundation grant to the Re- 
search Foundation of State University of 
New York. Appreciation is due Alice 
Kaminisky for cooperation which permitted 
completion of the association ratings 


used merely for identification and 
are not intended to be explanatory 
or to imply different processes. 

The verbal lists used in this study 
differed only in the materials used 
as stimuli and the choice of the 
materials was dictated by the follow- 
ing considerations: (a) the materials 
all consist of common words so they 
permit the same kind of manipulation 
and presentation, (b) they are from 
sources which have rated or charac- 
terized words in different ways and 
some have been used for rote learning 
while others have been used for 
concept learning, and (c) it was 
expected that lists constructed from 
these materials would differ in 
difficulty. 

In the previous study (Richardson, 
1958) the number of adjectives used 
as stimuli in paired-associate lists 
was held constant while the similarity 
of the stimuli and the number of 
different responses were varied. It 
was found that high similarity among 
stimuli which required the same 
response facilitated learning while 
high similarity among stimuli which 
required different responses increased 
the difficulty of learning. One of the 
nine lists was constructed so that 
the same response was correct for 
each group of highly similar adjec- 
tives. This list was the least difficult. 
In view of this effect of the variation 
of stimulus similarity, Exp. I in the 
present study attempted to relate the 
learning and retention of three lists 
to ratings of association between 
stimuli. Haagen (1949) has demon- 
strated that ratings of similarity and 
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ratings of association are highly 
correlated and it was assumed that 
instructions to rate association would 
be less ambiguous than instructions 
to rate similarity. The ratings of 
association were not directly related 
to the difficulty of learning the lists 
in Exp. I. Experiments II and III 
were attempts to obtain information 
concerning the basis of the differential 
difficulty of the lists. 


METHOD 


Material.—Four sets of 20 words were 
selected from three sources and each set 
consisted of four groups of four stimulus 
words and a name for each group, The 
words and sources of material are given in 
Table 1. The groups of low-similarity and 
high-similarity adjectives were selected from 
Haagen (1949) and the names are merely 
the fifth word from the same similarity group 
The high dominance concepts are from Under- 
wood and Richardson (1956) and the names’ 
are the descriptive adjectives which were 
given as responses to the nouns. The class 
concepts were selected from Reed (1946a) 


TABL 


Lists AND SourRc! 


Haagen (Li Haagen (List H) 


Low Sim 


High Sim. 
Adjectives 


Adjectives 
Artless 
Childlike 
Open 
Untaught 


Double 
Dual 
Paired 


Twofold 


Sincere 
(BIH) 


Duplex 
(BIH) 


Heedless 
Fitful 
Fickle 
Giddy 


Sacred 
Divine 
Hallowed 


Holy 


Revered 
(vom) 


Flighty 
(vom) 


Faulty Spoken 
Blemished 

Injured 

Wanting 


Tranquil 
Peaceful 
Quiet 
Serene 


Fruitful 
Potent 
Pregnant 
Feeming 


Profuse 
(ZET) 


Placid 
ZET? 


| Chamois 
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and the names are the classes to which the 
nouns belong. 

Ratings.—Two different pairings of words 
were rated by two different groups of Ss. 
The first group of pairs consisted of the pos- 
sible combinations of words within a group 
The five words within each group in Table 1 
were paired in all possible combinations 
so there were 10 pairs to each group and 40 
pairs for each set of material. In addition to 
the 160 pairs formed from the material in 
Table 1 additional pairs were constructed 
in the manner from groups of 
medium dominance and two groups of low 
dominance words from Underwood and 
Richardson (1956). The 200 pairs of words 
were made into booklets by randomly as- 
signing the pairs to position down the left 
of the page with each pair followed by a 15- 
point scale. The pairs were rated by 55 
college students who did not serve in any 
learning experiment. The S was instructed 
oo rate each pair according to the 
degree you think they are associated; that 
is according to the immediacy, compellingness, 
or consistency with which one word calls 
the other to mind.”” The low end of the scale 
indicated low association. 

The second group of pairs consisted of 
words from different groups within a set of 
materials. Each of the four stimulus words 


same two 


S OF MATERIAL 


Underwood & = Reed 


(List 


High Dom. 
Concepts 


Class 
Concepts 


Name 
Village 
Minnow 
Crumb 
Germ 


Small 
(BIH) 


Animal 
(BIH) 
Horse 
Barrel 
Doughnut 
Knob 
Balloon 


Beet 
Potato 
rurnip 

Cabbage 


Round 
(vom) 


Vegetable 
(VOM) 


Bed Red 
1 een 
fue 
“ellow 


( “¢ slor 
Fur (RUK 
Velvet 
Ether 
Garbage 
Gardenia 
Manure 


Pine 
Maple 
Walnut 
Elm 


Smelly 
(ZE1 





JACK RICHARDSON 


TABLE 2 


MEAN ASSOCIATION RATINGS BETWEEN 
Patrs OF WorpDs 


Stimuli 
f Dif 
ferent 
Groups 


Stimuli} Stimuli a 
Within} and 
Groups| Names 


Material 


Low Smilarity 
(List L) 

High Similarity 
(List H) 

High Dominance 
(List U) 

Class (List R) 


6.62 
12.88 


4.96 | 10.74 


; 3.59 
9.21 | 12.50 


4.19 


in a group was paired in all possible combina- 
tions with the stimulus words from the other 
groups within the set of materials. These 
combinations were constructed from the 
high similarity, high dominance, and class 
materials in Table 1. Since there were 96 
pairs for each set this gave 288 pairs of words 
and they were rated by 47 students at Broome 
Technical Community College. The 
cedure and instructions were the same as 
for the first group of ratings. 

The mean association rating for each set 
of material is presented in Table 2. The 
first column of ratings is the association 
between stimuli within a group and the 
second column the association between the 
stimuli and the name. The last column gives 
the association between stimuli in different 
groups. In the learning experiments a single 
nonsense syllable was the response for a 
group of four words so that Table 2 presents 
the mean association between stimuli which 
had the same response, between the stimuli 
and a name for the group, and between stimuli 
which had different responses. 

Lists—The main lists will be specified 
here and only the deviations given for each 
experiment. The lists consisted of 16 paired 
associates with words as stimuli and nonsense 
syllables from Glaze (1928) as responses. 
The letter designating each list is given at the 
head of the column in Table 1 and the four 
groups of four words which were used as 
stimuli are presented in the column. A 
single syllable was the response for all four 
words in a group and the same four syllables 
were used as responses in all lists. The 
responses are given in parentheses in Table 1. 

Procedure.—The 16 pairs in each list were 
arranged in three random orders subject 
to the restriction that not more than two 
pairs from a single group could appear in 
succession and that each of the 16 pairs must 


pro- 


appear within an order. The words and 
syllables were projected with a 16-mm. 
strip-film projector, S could not see either E 
or the projector, and each S was run indi- 
vidually. The stimulus of a pair was pre- 
sented for 2 sec. followed by a 2-sec. presen- 
tation of the stimulus and response together. 
There was a 4-sec. intertrial interval between 
each presentation of the 16 pairs 

Learning was by the anticipation method, 
the syllables were spelled by S, and, with the 
exception of Exp. I, the usual paired-associate 
instructions were used. The Ss were all 
college students, had not previously served 
in a learning experiment, and were assigned 
to a counterbalanced order of 
as they appeared at the laboratory. 


conditions 


EXPERIMENT | 
Method 


Lists H, U, and R were each learned by 20 
Ss, 10 for each of two sets of instructions 
The first set of instructions (A) was for paired- 
associate learning and did not state that the 
stimuli could be grouped in any way or that 
a response would be correct for more than 
one stimulus. The other set (B) was the same 
except the following was inserted: 


There are 16 different words or a different 
word for each pair but there are only four 
different nonsense syllables. Thus each 
syllable will be correct for four different 
words. You should try to discover what 
is alike about the four words attached to a 
single syllable. 


At the first session S learned the appropriate 
list to a criterion of two successive perfect 
trials. He returned one week later for recall 
and relearning. 

When groups of similar stimuli are paired 
with the same response, then presentation 
of a single stimulus-response pair should 
increase the probability of other stimuli 
in the group eliciting the same response and 
this intratrial transfer should vary with the 
type of material. If the responses are pre- 
sented during recall, then performance on 
the recall trial could be due to the intra- 
trial transfer as well as the degree of learning 
and the amount of retention. In an attempt 
to avoid this the responses were not presented 
during recall. Recall consisted of five trials 
during which the list was presented in 
exactly the same way as during learning 
except the responses were not presented 
and there was no indication to S whether a 
response was right or wrong. After the five 
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recall trials the responses were again presented 
and relearning was continued to a criterion 
of two successive perfect trials. 


Results 


The mean and median numbers of 
trials required to learn to the criterion 
of two successive perfect trials are 
Table 3. An analysis of 
variance gave F < 1 for both instruc- 
tions and interaction and F = 8.96 
for lists, but the within-groups vari- 
ance was heterogeneous by Bartlett's 
test. A median indicated that 
List R was significantly less difficult 
than List U (P < .01) but that the 
difference between Lists H and U 
and between Lists H and R was of 
borderline significance (.05<P<.20). 
It is concluded that the lists differ 
in difficulty. The class concepts, 
List R, are the least difficult while 
the high dominance concepts, List U, 
are the difficult. The high 
similarity adjectives, List H, are 
intermediate in difficulty. The order 
of difficulty is not that expected from 


given in 


test 


most 


the association ratings between stim- 
uli. Higher association between stim- 
uli with the should 
decrease the difficulty but the ratings 
in Table 2 


between 


Same response 
show higher association 
stimuli with the same re- 
sponse for List H than for List R 
while the difference in association 
between stimuli with different re- 
If the association 
the 


sponses is small. 


between stimuli was variable 
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determining the speed of learning 
then List H should have been learned 
faster than List R. 

After learning and relearning each 
S filled out a questionnaire which gave 
the four responses and asked what 
was alike about the words which had 
been paired with each syllable. The 
20 Ss who learned List R, the class 
indicated the con- 
sistently by animals, vegetables, colors, 
and trees. In three cases foods was 
given instead of vegetables, and in one 
case wood instead of trees. Only one 
S indicated that he did not know, 
and this was with reference to only 
one group. In contrast to this, 8 
different Ss made a total of 14 
inappropriate classifications of groups 
for List H while 18 Ss made a total 
of 51 inappropriate classifications for 
List U. Verbalization of the basis 
of the groupings was related to the 
speed of learning. 

The mean number of correct re- 
sponses on the five recall trials and the 
first two relearning trials are pre- 
sented in Fig. 1. An analysis of 
variance was computed on the num- 
ber of correct responses for Recall 
Trials 1 and 5 and Relearning Trial 1, 
but none of the Fs approached sig- 
nificance. Excluding recall and cri- 
terion trials, the mean number of 
trials required to relearn was 1.00, 
1.90, and .75 for Lists H, U, and R, 
respectively. The differences are in 
the same direction as in learning but 


concepts, class 


rABLE 3 


[RIALS TO LEARN TO CRITERION 


Instructions 
Mean 
A 16.1 
B 15.1 


Combined 15.6 


10.2 
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Fic. 1. The mean number of correct 
responses on the five recall trials and the 
first two relearning trials (Exp. 1). 


do not approach significance. The 
difference in the mean number of 
trials required to attain the criteria 
of one perfect trial and two successive 
perfect trials during learning was 2.70, 
2.10, and 2.85 for Lists H, U, and R, 
respectively. This indicates that the 
rate of increase in performance was 
approximately equal at the end of 
learning so that differences in recall 
should not be a function of different 
degrees of learning resulting from 
different rates of learning. 


As in the previous study (Richardson, 
1958) there is an increase in performance 
over the five recall trials even though 
the responses were not presented during 
this time. Only three of the 60 Ss gave 
fewer correct responses on Recall Trial 5 
than on Trial 1. For the combined lists 
there was 74% retention on Recall 1 
which increased to 88% on Recall 5. 
The Ss had not participated in any 
other learning experiment and that may 
have been one reason for the high reten- 
tion but there was also no control over 
rehearsal. There was forgetting from 
the last learning trial to the first recall 
trial so it was possible to have differences 
in retention. It seems that any differen- 
tial rehearsal or differential effects of 


JACK RICHARDSON 


rehearsal would tend to increase the 
retention of the class concept list and 
it failed to show better retention. The 
number of correct responses during the 
recall trials increases as association 
between stimuli with the same response 
decreases but there is no _ indication 
that the differences in recall are reliable. 

In attempting to relate the association 
between stimuli to the difficulty of 
learning the lists it was assumed that 
the difficulty would be determined by 
the stimulus relationships and that the 
association ratings would be an index 
of the transfer to be expected between 
stimuli. As the between 
stimuli with the same response increased 
then the difficulty should have decreased, 
and as the association between 
with different responses increased the 
difficulty should have increased. This 
was not the case so it became necessary 
to re-examine the assumptions. 

Even though the lists differed only 
in the words used as stimuli it is possible 
that the differential difficulty was due 
to the stimulus-response relationships 
rather than to the stimulus relationships, 
i.e., the differential difficulty may have 
been due to differences in the difficulty 
of the individual word-syllable pairs 
in the lists. If individual pairs in a 
paired-associate list do not interact 
in any fashion then increasing the length 
of the list by adding pairs of equal 
difficulty should have no effect on the 
number of repetitions required to learn, 
other than that produced by the in- 
creased interval between presentations 
of a pair. If learning one pair interferes 
equally with the learning of all other 
pairs then difficulty of a list should be an 
increasing, positively accelerated, func- 
tion of the number of pairs in a list. 
However, if pairs are added to a list 
without increasing the number of differ- 
ent responses the results should depend 
upon the amount of transfer between 
stimuli with the same response as 
related to that between stimuli with 
different responses. 

If the differential difficulty of the lists 
was due to the stimulus relationships 
then there should be an _ interaction 


association 


stimuli 
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between type of list and number of 
stimuli, and the effect of increasing the 
number of stimuli should be related to 


the speed of learning in Exp. I. 


EXPERIMENT I] 
Method 


rhe lists in Exp. II differed only in the 
words used as stimuli and in the number of 
stimuli. Four lists were constructed with 
each of the four sets of material given in 
Table 1. One list contained four word- 
syllable pairs consisting of the first stimulus 
from each of the four groups listed in the 
columns in Table 1, the second list consisted 
of the first two stimulus words in each group 
paired with the same syllable, the third 
paired the first three stimuli with the syllable, 
and the fourth consisted of all four stimuli 
paired with the response. Thus the lists were 
of materials from Table 1 and consisted of 
either 1, 2, 3, or 4 stimuli for each of the four 
responses. The type of material will be 
designated by the letters given at the heads 
of the columns in Table 1 and the number of 
stimuli for each different response by a num- 
ber following the letter. Thus List H-3 
consisted of the first three stimuli in each 
group of high similarity adjectives, paired 
with the four nonsense syllable responses 
given in Table 1. There were 9, 6, 4, and 3 
different orders of presentation for the lists 
with 1, 2, 3, and 4 stimuli per response, 
respectively, and each of the 16 lists was 
learned for 10 trials by a separate group of 
12 Ss. A trial was one presentation of all 
pairs in a given list 


Results 


An analysis of variance for correct 
responses during the 10 learning 
trials and for the correct responses 
on Trial 10 indicated that the type 
of list, stimuli per response, and 
interaction were highly significant 
but the error terms were not homo- 
geneous. The mean correct responses 
on Trial 10 are given in Table 4. 
The number of correct responses 
increase as the number of stimuli 
increase and the amount of increase 
was directly related to the speed of 
learning the lists with four stimuli 
per response. 
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TABLE 4 


MEAN NUMBER OF CORRECT RESPONSES ON 
TRIAL 10: Exp. Il 


Number of Stimuli for Each 
Response 


1 4 


2.58 
2.67 
3.00 
3.42 


7.58 
12.17 
10.00 
14.50 


Low Sim. (L) 
High Sim. (H) 
High Dom. (U) 
Class Concept (R) 


8.08 
10.67 


In order to equate the possible 
number of correct responses for all 
lists the number of correct responses 
during learning was divided by the 
number of stimuli per response and 
the mean corrected learning scores 
are presented in Table 5 and the 
analysis of variance in Table 6. The 
Fs are in the appropriate row for 
each term but the row for Within 
Groups contains the error term which 
was used to compute the Fs in the 
column. The type of list and inter- 
action is significant but the number 
of stimuli per response is not significant 
in the corrected score. 

The different pairs did not appear 
equally often in the lists so part of the 
differential effect may be due to 
peculiarities of pairs within a group. 
As a final check the four pairs of 
items which made up the one stimulus 


rABLE 5 


CORRECTED MEAN NUMBER OF CORRECT 
RESPONSES DURING LEARNING: 
Exp. Il 


Number of Stimuli for Each 
Response 


1 3 4 


15.03 
17.36 
18.31 


16.42 
14.83 
18.00 


Low Sim. (L) 
High Sim. (H) 
High Dom. (U) 
Class Concepts 
(R) 24.67 


11.46 
21.62 
15.60 


7 | 23.50 | 26.73 
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Fic. 2. The mean number of times the 
four pairs were given. correctly during the 
learning of each list (Exp. I). 











per response lists were traced through 
each list and the means of the number 
of correct responses during the 10 
learning trials for only these four 
pairs are presented in Fig. 2 and the 
analysis of variance in Table 6. The 
mean number of correct responses for 
the four pairs correspond very closely 
to the corrected means presented in 
Table 4. The type of material and 
the interaction are significant but 
the number of stimuli per response is 
not a significant variable. Since these 
are the same four pairs, within each 
type of list, the interaction cannot 
be the result of differential difficulty 


TABLE 6 
Fs AND ERROR TERMS FOR LEARNING: 
Exp. Il 


Corrected 
Total 
Correct 
Responses 


Total 
Correct 

Four 

Pairs 


Source 


List 
No. Stimuli 
Interaction 
Within 
*P <.05. 
* P < 01. 


14.22** 
1.09 
2.24* 

45.48 


13.99" 
1.01 
a 

49.92 
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of the pairs but must be the effect 
of the relation of the stimuli to other 
stimuli which are added to the list. 
If the difference between the correct 
responses on the list with one stimulus 
per response and the list with four 
stimuli per within each 
type of material, is evaluated by a 
t test, the high similarity lists (H) 
show a significant increase, the low 
similarity lists (L) show a significant 
decrease, and the changes in the 
concept lists are not significant. It 
seems that the lack of a significant 
increase in the class concept lists (R) 
is due to the 


response, 


R-1 list which shows 
significantly more correct responses 
than the other four-pair lists. 


In the lists with four stimuli for each 
different differential dif- 
ficulty seemed to be due to differential 
transfer between stimuli but this was 
not directly related to the association 
ratings. The Ss who had learned the 
lists in Exp. I rated the pairs of words 
with the same response and gave higher 
association ratings than Ss who had not 
learned the lists. 


response the 


This may mean that, 
during the formal learning trials, there 
is a learning of relationships between 
stimuli and that this is a basis of transfer 
in addition to that based on the 
experimentally learned relationships. 

If the difficulty of the lists is due to 
intralist pre-experi- 
mentally learned relationships between 
stimuli with the same response then the 
amount of transfer, as the result of 
learning the response for one stimulus 
of each group, should be _ inversely 
related to the difficulty of the lists. 
On the other hand, if the difficulty of the 
lists is due to the difficulty of learning 
the stimulus relationships during the 
formal learning trials, then the amount 
of transfer as the result of learning the 
name of the group should be directly 
related to the difficulty of learning the 
lists without the previous formal learning 
of the name. 


pre- 


transfer based on 
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EXPERIMENT II] 
Method 


Iwo different conditions of first-list learn- 
ing were used prior to learning each of the 
lists in Table 1. For each set of lists, a group 
of 12 Ss learned a four-pair list consisting of 
the first pair from each group in Table 1 
and then learned the 16-pair list from the same 
set of materials, i.e., the second list consisted 
of the four pairs from the first list and 12 
word-syllable pairs. A 
group of 12 Ss learned a list consisting of the 


additional second 
16 stimuli with names as responses and then 
learned the list consisting of the same stimuli 
but with syllables as responses. In this case, 
the second list had the same stimuli but the 
responses were changed from the names to 
the syllables groups of 
12 Ss and the 10 trials of learning on the first 
list were followed immediately by 10 trials 
of learning on the second list 


There were eight 


Results 


The Ss were assigned to lists in 
Exp. II and III at the same time so 
the learning of the transfer lists is 
comparable to the learning of the 
16-pair lists in Exp. II and the first- 


list learning of the four-pair lists is 


that presented in Table 5. During 
the 10 trials of learning the name 
lists there were 63.0, 27.9, 15.8, and 
17.7 mean errors for Lists L, H, U, 
and R, respectively. After Trial 2 
there were no errors on List R and 
only two on List U. On the last trial 
there 15.67 mean correct re- 
sponses on List H and 13.58 mean 
correct responses on List L. Thus 
the learning was very rapid for Lists 
R and U, List H was somewhat more 
difficult, and Trial 10 performance on 
List L was still appreciably less than 
performance on the other lists. 

The means of the number of correct 
responses during learning of the 16- 
pair lists are presented in Table 7. 
Analysis of variance on the total 
number of correct responses for the 
two transfer lists gave Fs of 25.67, 
.72, and 3.76 for lists, first-list learn- 


were 


VERBAI 


CONCEPT LISTS 


PABLE 7 


MEAN NUMBER OF CORRECT RESPONSES 
FOR First List LEARNING AND FOR 
THE TRANSFER Lists: Exp. III 


Previous Learning 


None i 

45.83 33 
86.50 58 
62.42 105.00 
106.92 122.42 


Low Sim. (L 

High Sim. (H) 
High Dom. (1 
Class Concept (R) 


ing, and interaction, respectively, and 
the error term 554.7. The 
amount of transfer for the lists is not 


was 


in the same order as the difficulty of 
learning but there is an interaction 
between lists and conditions of first- 
list learning. If the amount of trans- 
fer due to learning one of the pairs 
from each group is compared with 
the association between stimuli with 
the response (Table 2), it is 
apparent that the association is di- 
rectly related to the amount of trans- 
fer from the four-pair The 
amount of transfer after learning 
the name lists is inversely related 


same 


lists. 


to the association between stimuli. 


DISCUSSION 
It has been demonstrated that the 
lists differ in difficulty and that the 
differences are the result of differential 
transfer between stimuli in the lists 
Adding stimuli to List H and List R 
resulted in the difficulty 
of the pairs of items and this agrees 
with the Reed (1946b) and 
Lloyd (1960) who used similar materials 
and required the same response for a 
group of stimuli. 

The ratings of association 


a decrease in 


results of 


between 
stimuli are not directly related to the 
difficulty of learning. List U is learned 
faster than List L and List R is learned 
faster than List H even though the asso- 


ciation between stimuli would predict 
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the opposite. In both cases the less 
difficult list consists of groups of words 
which have a common verbal response. 
The groups in List U are nouns which 
have elicited the same response from Ss 
while the groups in List R are nouns 
commonly designated by the class to 
which they belong. 

In addition to these descriptive differ- 
ences in the lists there are several things 
which suggest that at least part of the 
transfer between stimuli with the same 
response is based on a mediating re- 
sponse. In Exp. I the number of ver- 
balizations of the basis of classification 
of the groups of words was directly 
related to the speed of learning. In 
Exp. II the order of difficulty did not 
emerge until there were four 
for each different response, and this 
suggests that part of the transfer is 
based upon learning which occurs during 
the formal learning trials and which 
requires comparison of several stimuli. 
In Exp. III learning the name of the 
groups had a differential transfer effect 
on the lists. 

The 


stimuli 


association between the stimuli 


and the names was not related to either 
the difficulty of the lists with syllables 
as responses or the difficulty of the lists 


with names as responses. Thus the 
association between the stimuli and the 
names fails to predict the difficulty 
of learning the names and, if the prob- 
ability of a mediating response is the 
relevant dimension in these lists, it 
also fails to predict the probability of the 
occurrence of the mediating 
in the experimental situation. 


response 


SUMMARY 


Paired-associate lists were constructed so 
that groups of four words were paired with 
the same nonsense syllable response. There 
were differences in the difficulty of learning 


JACK RICHARDSON 


the lists but the difficulty was not related to 
whether the lists were constructed from 
rote or concept materials and did not cor- 
respond to that expected from the ratings 
of association between the stimuli. There 
were no significant differences in recall of 
the lists one week after learning. 

The number of different responses was 
held constant and the number of stimuli 
paired with each response was varied. There 
Was an interaction between the lists and the 
number of stimuli which indicated that the 
differential difficulty was due to differential 
intragroup transfer between stimuli. 

Differential amounts of transfer to the 
lists were obtained from learning one pair 
of each group of words and from learning 
the names of the groups. It was suggested 
the difficulty of the lists was determined 
by the difficulty of learning a mediating 
response for each group of stimuli and that 
this was not predictable from the association 
ratings 
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FIGURE-GROUND DOMINANCE AS A FUNCTION OF 
SECTOR ANGLE, BRIGHTNESS, HUE, 
AND ORIENTATION ! 


rADASI 


OYAMA 


Hokkaido University 


Many introductory textbooks de- 
scribe Rubin's vase-profiles pattern 
and summarize the phenomenological 
characteristics and the determining 
factors of figure-ground perception. 
Few quantitative analyses have been 
done on this well-known phenomenon. 
The present research is an attempt 
to add some more quantitative data 
concerning the factors which make 
a given part of a visual field appear 
more frequently as ‘‘figure’’ and to 
obtain more precise knowledge of the 
effects of these factors. Area or the 
sector angle, brightness, hue, and 
orientation of the figure are the chief 
variables investigated. 


GENERAL METHOD 


Stimulus materials.— The stimulus patterns 
used in Exp. I, I], and III were similar to the 
drawing in Fig. 1 Each consisted 
of a divided into three 
alternate sectors of which have the same hue 
and brightness, and the other three have a 
different hue and brightness In such a 
pattern the two alternating figures, which 
are shown at the bottom of Fig. 1, named the 
a-figure and the @-figure, are in Exp. IV, 
circular patterns with eight sectors were used. 

The sectors were made from the standard 
colored papers for educational uses produced 
at Japan Color Research Institute and were 
pasted on cardboards. Each of these card- 
boards was presented behind the circular 
aperture of a vertical screen, 85 XK 85 cm., 
standing on a table 115 cm. from S. The 


pattern 


circle six sectors, 


1 A part of this study was carried out when 
the author was at the University of Tokyo 
The author is indebted to Natsumi Hama- 
moto and Junichi Nakahara for their 
sistance in this research, and to Y. Takada, 
Hokkaido for im- 


proving the style of this paper 


as- 


University, suggestions 


sector pattern was centered in the circular 
aperture, which was slightly smaller than 
the sector pattern and was on a level with 
S’s eyes. The screen of white, 
black, or gray cardboard as determined by 
the experimental design. The size of the 
aperture was 16 cm. in diameter in Exp. I, 
Il, and IV and 12 cm. in Exp. III. These 
corresponded to visual angles of 8° and 6°, 
respectively. 

In Exp. I, Il, and IV the stimulus pattern 
was illuminated by two 60-w. daylight bulbs 
which were placed above and behind S. In 
Exp. III, the bulbs were replaced by a Stand- 
ard illuminator of Japan Color Research 
Institute which was matched with the CIE 
Standard Source C (6500° K), and was placed 
to the left of S's head. In both conditions, 
the illuminance on the surface of the stimulus 
patterns was about 3 ft« 
was 100-v., 50-cycle ac. 

Recording apparatus.—Two telegraph keys 
were placed on the table in front of S. They 
were connected with two chronometers. 

General procedure.—From § to 12 different 
patterns were presented to S in randomized 
order in one session. The S was instructed to 
continue to fixate binocularly the center of 
the stimulus pattern during the given obser- 
vation period (30 sec. to 2 min.), and to press 


consisted 


The power supply 


Y ODA 
VT Sf 





a-figure  - figure 


Fic. 1. An example of the figure-ground 
reversible patterns used in Exp. I, II, and ITI. 
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one of the telegraph keys when the a-figure 
was seen and the other when the £-figure 
appeared. He was to press neither key when 
neither the a- or the @-figure was seen as 
figure, or in the absence of clear figure-ground 
perception. Rest periods of 1 to 3 min. were 
placed after every observation. 
Measures.—The total time of pressing the 
a-figure key was designated 7, and that of 
8-figure Ts. The measure of relative domi- 
nance of the a-figure was computed by for- 
mula, Re =100 7./(Ta + Ts). Similar 
formulae were used as the relative dominance 
of the white figure, Rw; that of the colored 
figure, Rc, etc.” 
All Ss were members of the 
laboratory staff or students of psychology. 
They all had normal color vision and normal 
acuity, although some of them wore glasses. 


Subjects. 


EXPERIMENT |: SECTOR ANGLI 


Graham (1929) found that the 
set of sectors with the smaller angle 
in the six-sector pattern had a stronger 
tendency to be seen as “‘figure”’ than 
larger sectors and that the dominance 
of smaller sectors increased as the 
difference in angles increased. Gold- 
hamer (1934), Oyama Torii 
(1955), and Kiinnapas (1957) also 
studied this problem using similar 
patterns and obtained the same result. 
These results have been attributed 
to the effect of area by some Es and 
to the effect of proximity between the 
angled lines of contour of sector by 
others. No attempt was made to 
decide in the present experiment 
which was the determining factor, 
because it is difficult to vary these 
factors independently without the 
interference of such factors as sur- 
roundedness, good continuity, good 
gestalt, etc. Experiment I was de- 
signed to measure the effect of sector 
angle more systematically. 


and 


2 In the experiments reported in this paper, 
the number of responses to a key varied 
from 5 to 10 per min. of observation; the 
time in which neither of the two keys was 
pressed varied from 0 to 15 sec. per minute 
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Method 


The a-sectors were made from black paper 
(2.4% in reflectance) and the 8-sectors from 
white paper (88%) in B-series, and they were 
reversed in W-series. The surrounding field 
was medium gray (17%) in both series.* 
The angle of the a-sectors was varied as 
follows: 10°, 20°, 30°, 40°, 50°, 55°, 60°, 65°, 
70°, 80°, 90°, 100°, and 110°; the angles of 
the 8-sectors were, accordingly, 110°, 100°, 
90°, 80°, 70°, 65°, 60°, 55°, 50°, 40°, 30°, 20°, 
and 10°. 

Four Ss observed each pattern twice. 
Each S served in eight sessions, and six or 
seven observations were 
session. The observation time was always 
60 sec. with rest intervals of 3 min. 


obtained in each 


Results 


If the difference between black and 
white is neglected, the average rela- 
tive dominance of Rev 22 
a function of angle, Za, is shown by 
the solid line in Fig. 2. The domi- 
nance is highest when the angle is 
smallest, and decreases almost linearly 
as the angle increases. When the 
a-sectors have the same angle as the 
B-sectors, the dominance of a-figure 
is 53.4, and the curve is nearly sym- 
metrical around this point. This fact 


a-sectors, 


RELATIVE DOMINANCE 





wt « ws « 
ANGLE OF SECTORS 


The relative dominance of sectors 
as a function of sector angle 


Fic. 2. 


’The reflectance values in this report 
are not those of samples of paper used but of 


standards from which the 


copied. 


samples were 
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suggests that there is little intrinsic 
difference in dominance between the 
a-figure and the §-figure. Extra- 
polation of the dominance curve to 
angles of 0° or 120° of the a-sector will 
not produce dominance of 100 or 0. 
There may be limits to the dominance 
regardless of the extremes of sector 
angle. 

The curve of Fig. 2 is like the dotted 
curve which the 
Oyama and Torii (1955) who meas- 


shows results of 
ured the dominance as a function of 
the sector angle in an outline pattern 
which had the same configuration as 
the stimulus patterns of the present 
study. But the latter flattens at 
both extremes, contrasting with the 
present curve which has nearly con- 
stant slope. There should be upper 
and lower asymptotic limits to domi- 
nance in the case of outline patterns. 
These limits, together with the above- 
mentioned limits in the solid pattern, 
suggest that there is a constant term 
in dominance measure which is inde- 
pendent of the angle of the sectors, 
and that such a 
larger in 


solid 


term is 
outline patterns than in 
patterns. The constant term 
may represent the effect of the parts 
of the contour which remain constant 
the smallest this 
effect should be stronger in the outline 
pattern than in the solid pattern. 
The broken Fig. 2 indi- 
cates the dominance of the white 
sectors, Rw, as a function of Zw when 
the effect of sector position is neg- 
lected. This curve is higher than the 
dominance curve of a-figure. When 
the white and black sectors have the 
same angle, the dominance of the 
white sectors is 17.6 higher than the 
neutral value, 50. The dominance 
becomes neutral when the angle of the 
white sectors is 90° and the angle of 
the black sectors is 30°. 


constant 


even in sectors; 


line in 


However, 
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it is questionable that this dominance 
of the whiteness is independent of the 
brightness conditions of the surround- 
ing field. The effect of brightness is 
described in the next experiment. 


EXPERIMENT II: BRIGHTNESS 
BRIGHTNESS DIFFERENCI 


AND 


Graham (1929) showed that the 
brighter figure was more dominant 
than the darker figure, but Gold- 
hamer (1934) reported the reverse 
results. Harrower (1936) found that 
a white figure was dominant in a dark 
gray surrounding field. but a black 
figure became dominant in a light gray 
field. Brightness difference rather 
than the absolute brightness was the 
important factor of dominance. More 
recently, Oyama and Sasamoto (1957) 
found that the brighter field always 
dominated over the darker field when 
the difference between the logarithmic 
reflectance of the brighter field and 


that of the medium gray surrounding 


field 
between 


difference 
field 
These variables are 


the 
the surrounding 
the darker field. 
re-examined in Exp. II. 


was equal to 


and 


Method 


Ihe angles of both a-sectors and 8-sectors 
were kept constant at 60° throughout this 
experiment. The surrounding field was black 
cardboard, with a reflectance of about 8°, 
in the BS-series; and white cardboard 
(reflectance 80°7), in the WS-series. In half 
of the stimulus patterns of the BS-series, 
a-sectors were always white (88°%) and the 
brightness of 8-sectors was varied in 10 steps 
from black to very light gray. In the other 
half, 8-sectors were white and a-sectors were 
varied. In half of the WS-series, a-sectors 
were always black (2.4%) and §-sectors were 
varied in 10 steps from very dark gray to 
white, and these relations were reversed in 
the other half. The series of gray papers 
used in the stimulus patterns of these two 
series consisted of 11 papers, whose reflect- 
ances varied nearly logarithmically as follows 
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2.4%, 3.8%, 5.8%, 8.5%, 12%, 17 
33%, 46%, 63%, and 88%. 

Five Ss served in four sessions. Each S 
observed each pattern of the two series once 
in randomized order during these sessions. 
Both observation time and rest 
were 90 sec. 


o, 24%, 


intervals 


Results 


Figure 3 shows the relative domi- 
nance of the constant white or black 
sectors, Rw or Rb, as a function of 
logarithmic reflectance of the variable 
brightness sectors. The solid line 
represents Rw in the BS-series, and 
the broken line Rb in the WS-series. 
The reflectance values of surrounding 
fields are indicated by short vertical 
lines. The broken line shows that 
the dominance of black sectors 
greatest in combination with the 
brightest variable sectors and de- 
creases as the brightness of the vari- 
able sectors decreases. The maximum 
of the solid line occurs with lower 
reflectance of the variable sectors. 
These facts mean that relative domi- 
nance of the white or black sectors 
is greatest when the variable sectors 
have nearly the same brightness as 
the surrounding field, and decreases 
as the brightness difference between 
the variable sectors and the surround- 
ing field increases. Similar tendencies 


is 


Rw (1957) 
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Fic. 3. The relative dominance of sectors 


as a function of brightness. 
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are observed in the dotted lines which 
represent the results of Oyama, Torii, 
and Hamamoto (1957) who studied 
this problem under similar conditions 
except that they used medium gray 
for the surrounding field. Thus, the 
results of the present and previous 
studies indicate that there is an effect 
of brightness difference, but that it is 
not so conspicuous as in the effect 
of sector angle in Exp. I or as the 
effect of hue in Exp. III. 

If the brightness difference were 
the sole factor involved in brightness 
variables, the black sectors, which 
have maximal brightness difference 
in the white surrounding field, should 
always dominate the variable sectors. 
However, this is not the case in the 
WS-series as shown by the broken 
line in Fig. 3. By similar reasoning, 
the black sectors in the medium gray 
surroundings were expected to domi- 
nate over the variable sectors under 
most conditions, but the lower dotted 
curve shows that this did not occur. 
To explain these facts, we must as- 
sume that black sectors are intrinsi- 
cally less likely to be seen as “‘figure,”’ 
or that the factor of absolute bright- 
ness as well as the factor of bright- 
ness difference is important in this 
perceptual function. 


EXPERIMENT II]: HUE 


The effect of color on the figure- 
ground perception has already been 
discussed by Rubin (1921) who cited 
Ameseder’s study which was con- 
cerned with the problem of attention 
rather than of figure-ground percep- 
tion. Graham (1929) and Harrower 
(1936) also studied this problem but 
did not obtain clear-cut results. 

In Exp. III, one set of the alternat- 
ing sectors was a saturated color and 
the other set was a gray of the same 
brightness. Under these conditions, 
it was supposed that the effect of 
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brightness operated equally in both 
sets of alternating sectors, and if 
there was any difference between the 
dominances of the two sets, it should 
be attributed to the effect of hue. 


Method 


The surrounding field was black in the 
BS-series, and white in WS-series The 
central part, 30 cm. wide and 20 cm. high, 
of the surrounding field, immediately adjacent 
to the sector pattern, was made from black 
(2.4%) or white paper (88%) and the remain- 
ing part from the black or white cardboards 
as in Exp. Il. 

The sector-patterns used in the two series 
were the same 24 patterns. The angles of 
both a-sectors and 8-sectors were always 60°. 
In half of them, a-sectors were made from 
chromatic papers, 8-sectors from achromatic 
papers; in the other half these relations were 
reversed. The chromatic papers were red 
(5.0R 4.0/12.0 in Munsell notation 
(10.0R 5.5/11.0), yellow orange (7.5YR 
7.0/11.5), yellow (7.5Y 8.0/11.0), yellow 
green (7.5GY 7.0/8.5), green (5.0G 5.5/8.0), 
blue green (7.5BG 5.0/9.0), greenish blue 
(2.5B 4.0/8.5), blue (2.5PB 4.0/10.0), blue 
purple (7.5PB  3.0/14.0), purple (5.0P 
3.0/11.0), and red purple (2.5RP 3.5/11.0). 
The reflectance values of the achromatic 
papers paired with the above were 12%, 
24%, 46%, 63%, 46%, 24%, 17%, 12%, 
5.8%, 5.8%, and 8.5% respectively 

Five Ss served in four sessions, two for 
each of the two series. They observed each 
pattern once. The observation period was 
reduced to 30 sec., because longer period of 
observation resulted in chromatic adaptation 
The rest period was 1 min. 


, orange 


Results 


The solid line in Fig. 4 indicates 
the results of BS-series, the broken 


line those of WS-series.‘ The 
curves are markedly similar. 
dominance is highest at red and 
lowest at blue. Dominance was a 
decreasing function of the displace- 
ment of hue on both sides of red in 
the color circle. 


two 


The 


*One of five Ss gave almost flat curves 
while the rest produced curves similar to the 
average curves. 
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Fic. 4. The relative dominance of 
sectors as a function of hue. 


This course of change of the domi- 
nance is very much like that of the 
effect of hue on apparent depth 
which was studied by Oyama (1958) 
and Oyama and Yamamura (1960) 
and we assume that there is some 
relationship between these two phe- 
nomena. Approach in depth cor- 
responds to dominance, and _ the 
recession in depth corresponds to 
the weakening of the tendency to 
become “‘figure.”’ 


EXPERIMENT IV: ORIENTATION 


Rubin (1921) found that a 
which consisted of vertical and hori- 
zontal arms had a stronger tendency 
to be seen as ‘“‘figure” than a cross 
with oblique arms. This has been re- 
cently confirmed by Kiinnapas (1957) 
who studied this problem quantita- 
tively using an eight-sector pattern. 

Goldhamer (1934), Oyama and 
Torii (1955), and Oyama and Sasa- 
moto (1957) found that there 
little difference between the domi- 
nances of a- and §-sectors in the six- 
sector pattern. The results of Exp. 
I, II, and III in the present study 
showed practically the same tendency. 
Experiment IV was designed to ana- 
lyze more systematically the effect 
of orientation in the 
pattern. 


cross 


was 


eight-sector 
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Method 


Eight kinds of eight-sector Patterns A, 
B, C, D, E, F, G, and H were used. The 
angle of the sectors was always 45°. In 
Pattern A, the vertical and horizontal sectors 
were made from white paper and the rest 
from black paper. Rotated clockwise 11.25°, 
Pattern A became Pattern B. Patterns C, 
D, E, F, G, and H were also the variations 
of Pattern A which were produced when 
Pattern A was rotated 22.5°, 33.75°, 45°, 
56.25°, 67.5° and 78.75° respectively. The 
surrounding field was made from light gray 
cardboards whose reflectance was about 45%. 

Four Ss observed each pattern twice in 
four sessions. The observation time 


90 sec., and the rest interval was 2 min 


was 


Results 


Figure 5 shows the dominance of 
white sectors as a function of the 
angle of inclination. The dominance 
of white sectors is greatest in Pattern 
A in which the white sectors extend 
in vertical and horizontal directions 
while the black sectors extend in 
oblique directions, and smallest in 
Pattern E in which the white sectors 
are in the diagonal position and the 
black sectors are in the _ vertical- 
horizontal position. This means that 
the sector-figure, either white or 
black, shows its maximal value of 
dominance in the vertical-horizontal 
position and its minimal value in the 
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The relative dominance of sectors 
as a function of orientation. 
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diagonal position. Between these 
extreme values, the dominance de- 
areases and increases gradually as a 
function of angle of inclination. — 

If we rotate Pattern A 90° or more, 
we merely reproduce Patterns A, B, 
C, etc. Consequently the curve of 
dominance as a function of inclination 
should be a cyclic one as shown by the 
broken line in Fig. 5, whose cycle is 
90°. Similar cyclic curves have been 
found in many visual phenomena, 
geometrical illusions, figural after- 
effects, etc. (Morinaga, 1933; Nozawa, 
1949; Obonai, 1930; Oyama, 1960). 
In the vertical or horizontal direc- 
tions, the principal axes of our visual 
space, stronger tendency to be seen 
as “figure,” and smaller amount of 
illusion in Poggendorff’s and Zéllner’s 
figures, and smaller aftereffects of Gib- 
son’s curved line have been observed. 
They all represent the anisotropic 
character of our visual space. 


SUMMARY 


An attempt was made to analyze quantita- 
tively the effects of the area or sector angle, 
brightness, hue, and orientation upon figure- 
ground perception. The figure-ground revers- 
ible pattern was a circle divided into six or 
eight sectors. The alternate three or four 
of the sectors had a constant hue and bright- 
ness, and the other set had a different hue 
and brightness. The percentage of the time 
the former set of sectors was seen as “‘figure”’ 
as compared to the total time either set of 
Was seen in the given 
period of observation was employed as the 
criterion of relative dominance. 

The experimental results showed: 


sectors as “figure” 


1. The set of with the smaller 
angle had a stronger tendency to be seen 
as “figure” than larger sectors. The domi- 
nance of smaller sectors increased almost 
linearly as the difference in angle increased. 

2. The effect of brightness was not as 
conspicuous as the effect of area or sector 
angle. The dominance of sectors increased 
as the brightness difference between the 
sectors and the surrounding field increased. 
Besides this effect of brightness difference, 
there appeared to be an effect of absolute 


sectors 





FIGURE-GROUND DOMINANCE 


that dark sectors 
frequently seen as “figure.” 

3. When the difference of brightness was 
eliminated, red sectors were the most domi- 
nant and blue sectors were the least rhe 
dominance varied continuously as a function 


brightness in were less 


of hue between these extreme values 

4. The set of sectors which extended in 
vertical and horizontal directions was more 
dominant than the set of which 
extended at oblique angles. The dominance 
varied as a cyclic the angle of 


sectors 


function of 
inclination of the sectors 
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EFFECTS OF RANGE OF PAYOFFS AS A VARIABLE 
IN RISK TAKING! 


JEROME L. 


MYERS anp ERNEST SADLER 


University of Massachusetts 


This paper reports an experiment 
which investigates the decision to take 
risks, i.e., to gamble. On each of 100 
trials S has the choice of an event 
with uncertain outcome and an event 
with known outcome. An optimal 
strategy exists and is a function of the 
arithmetic means of the two types 
of outcomes. Holding these means 
constant, the effect of varying the 
range of payoffs for risk taking, i.e., 
the range of uncertain outcomes, has 
been studied. 

Edwards (1954) has _ previously 
investigated the role of variability 
of payoffs. His Ss were required to 
choose between two bets having 
equal means but different variances. 


Although individual Ss showed vari- 


ance preferences, no strong trend 
existed over all Ss. The present 
study differs from that of Edwards 
in that Ss must choose between two 
events, one of which always has zero 
variance (the known outcome). Fur- 
thermore, our experimental approach 
permits an evaluation of the joint 
effect of the known payoff size and 
the range of unknown payoffs, as well 
as an evaluation of possible range 
preferences. 
METHOD 


Procedure.—All Ss were exposed to two 
decks of 3 X 3 white cards. Deck 1 contained 
the known outcomes and consisted of 50 
cards with +1 written on them and 50 
cards with —1. Deck 2 contained the un- 
known outcomes, and its range of values was 
the major independent variable in the study. 


‘Support for this investigation was pro 
vided by the of Massachusetts 
Teacher's Research Fund 


University 
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For Group R(4) (the range of absolute values 
was 4) Deck 2 consisted of 100 cards, 10 
each of the following values: —6, —5, —4, 
—3, —2,+2,+3, +4, +5,and +6. ForGroup 
R (9) Deck 2 again consisted of 100 cards 
Each value from —11 to +11 was represented 
five times with the exception of —1, 0, and 
+1 which were again absent. For Group 
R (14) Deck 2 contained only 90 cards, each 
value from —16 to +16 appearing three 
times, with the exception of —1, 0 and +1. 
Fifty poker chips were given to each S at the 
start of each session. 

The procedure was the same for all three 
groups. At the beginning of each of 100 
trials, S took the top card from Deck 1, 
which was face down. This card constituted 
the known payoff. Having seen this payoff 
S could either accept or reject it. If he 
accepted it, he gained or lost one chip depend- 
ing on whether the card was or —1 
If S rejected the Deck 1 value, he was required 
to accept the top card from Deck 2, which was 
also face down. He then won or lost a num- 
ber of chips corresponding to the number on 
the Deck 2 card. 

At the start of the session Ss were told 
that Deck 1 consisted of plus and minus ones 
and that Deck 2 consisted of larger positive 
and negative values. They were also told 
that the object of the éxperiment was to win 
as many chips as possible over the 100 trials. 
The E then shuffled both decks. 

At the end of each session, Ss answered 
an open-end questionnaire in which they were 
asked to describe their strategies, and to esti- 
mate the means of Decks 1 and 2 upon an 
11-point scale, from —5 to +5. 

Optimal strategy.—I\n order to maximize 
the expected value of the game, S should 
always accept a known payoff of +1, and 
reject a known payoff of —1. In other words, 
risks should always be taken when the alter- 
native option is a loss of one point, and should 
never be taken when the alternative option 
is a gain of one point. This strategy is opti- 
mal when, as in this case, the means of Decks 
1 and 2 are zero, regardless of the range of 
Deck 2 payoffs. 

Subjects.—Sixty women 
psychology 
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enrolled in 
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BLOCKS OF TEN TRIALS 


Fic. 1 


Average percentage of risks taken by each group on +1 and on —1 trials, 


for each block of 10 trials. 


versity of Massachusetts were randomly 
selected and assigned to the three groups 


RESULTS 


Percentage choice.—Figure 1 pre- 
sents the mean proportion of risk- 
taking responses for each block of 
10 trials for each group, on both 
—1 and +1 trials. Thus, if there 
were six +1 and four —1 trials in a 
10-trial block, and S gambled on two 
of the plus trials and on three of the 
minus trials, his scores for that block 
would be 33.3% and 75%, respec- 
tively. Figure 1 shows that, for all 
three groups, behavior was in the 
direction of the optimal solution. 
There were many more Deck 2 
choices on —1 than on +1 trials. 
Group R (4) (narrowest range) most 
closely approximated the optimal 
solution, Group R (9) was next, and 
Group R (14), though generally gam- 
bling more often on —1 than on +1 


trials, deviated most from the optimal 
bounds of 0 and 100%. 
The results of an analysis of vari- 


ance of the sin-' ¥% are shown in 
Table 1. ‘Value’ refers to the com- 


parison of +1 and —1 


trials, and 


TABLE 1 


ANALYSIS OF VARIANCE OF PERCENTAGI 
or Risks TAKEN 


Source 


Range (R) 
Ss/R* 

Value (V) 

rrials 399.60 

2,481.46 

363.45 

240.28 

274.07 

2,946.64 

326.12 

’X< T/R4 378.59 


* Error term for R. 
» Error term for V, 
¢ Error term for T, 
‘ Error term for V 
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rABLE 2 


CLASSIFICATION OF QUESTIONNAIRE RESPONSES AND AVERAGE ESTIMATES 
oF DeEcK 1 AND 2 MEANS 


Optimal 


Gambler's 
F Strategy 


Group 
Sauacy 


R (4) 
R (9) 
R (14) 


is a significant source of variance 
(P < .001). The Range X Value in- 
teraction was also very significant 
(P < .001), substantiating the im- 
pression gained from Fig. 1 that the 
approximation to the optimal solution 
was a function of the range of Deck 2 
payoffs. The Range main effect 
was not significant, indicating that 
the three groups did not differ in the 
total number of risk-taking responses. 
It necessarily follows that increases 
in the range raised the +1 
about the same amount as the —1 
curve was lowered. Neither the 
Blocks main effect nor any interac- 
tions involving Blocks were signifi- 
cant. This suggests that the effect 
of Value and the joint effect 
Value X Range took place by 
end of the first 10 trials. This infer- 
ence rather tentative since the 
Ss X B/R error term may be inflated 
owing to the shuffling of the decks 
for each S. 

Questionnaires.—Table presents 
a classification of Ss’ responses to the 
questionnaire. The questionnaire was 
introduced into the procedure after 
nine Ss were run, all in Group R (4). 
Since some Ss had used more than 
one strategy during the 100 trials, 
they were represented in more than 
one cell. Thus the row totals are 
slightly larger than the number of Ss 
in each group. 

The ‘“gambler’s fallacy” 
such responses “if 


curve 


of 
the 


is 


? 


refers to 


as more than 


No 


Solution 


Miscellaneous 


row, | 
The 


state- 


two pluses came in 
figured was 
“optimal strategy” 
ments ranging from “I always gam- 
bled after minus, never after 
plus” to “I always gambled after a 
minus, and about half the time after 
a plus.” The latter type of 
optimal’’ response occurred frequently 
in Group R (9).2_ The “no strategy’ 
class consisted mainly of statements 
such as “I guessed.”” The ‘“miscel- 
laneous”’ category included all other 
statements, mainly hypotheses about 
patterns of payoff. It appears that 
only Group R (14) was influenced 
by the gambler’s fallacy. Further- 
more, no one in this group verbalized 
any tendency to gamble more on —1 
than on +1 trials, although it 
evident in Fig. 1 that such was their 
behavior. 


up a 
due.” 


covered 


a minus 


a 


a 


‘‘semi- 


1S 


Table 2 also presents the average 
estimates of the deck means by each 


group. All estimates of the Deck 1 
mean are close to zero. The esti- 
mates of the Deck 2 means are less 
accurate, and there is a tendency to 
overestimate, which increases with 
increases in range. Differences 
the shapes and variances 
distributions precluded the 


in 
the 
of 


of 
use 


*The true percentage of those who 
consciously used the optimal solution in 
Group R (4) is probably higher than Table 2 
indicates since most of the nine Ss who were 
not questioned actually performed somewhat 
better than those questioned. 
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analysis of variance to compare groups 


and the use of most nonparametric 
tests was ruled out by the numerous 
ties in the data. Therefore the data 
for each deck were classified in a 
3 X 3 contingency table, the rows 
representing the groups, the columns 
representing ratings from —5 to —2, 
—1 to +1, and +2 to +5, respec- 
tively. Chi were 
applied to the data for each deck, 
yielding results which did not 


square analyses 
ap- 
Nevertheless, the 
observed bias in Deck 2 estimates is 
consistent with the results of Irwin 
and Smith (1957) found that 
as the variance increased, Ss required 
more information to the 
mean of a deck. 


proach significance. 


who 


estimate 


Disc USSION 


Apparently, a_ significant difference 
in risk-taking behavior on +1 and 1 
trials end of 10 
Since this difference exists by 
of 10: trials, and 
between the +1 


exists by the trials 
the end 
since. the distance 
and —1 curves is 
great, it reasonable. to 
conclude that 
ment with a 
on —1 The lack of a significant 
Range main effect indicates that there 
are no significant differences in the total 
number of gambles taken as a function 
, of the range of the gamble. This 


stantiates Edwards’ finding that variance 


rather seems 
many Ss enter the experi 
to gamble 


tendency more 


trials. 


sub 


preferences are of secondary importance 
in gambling situations. 

Increased deviations from optimal 
with wider ranges of Deck 2 
payoffs can be explained if the following 
assumption is made. Assume 
the range of payoffs increases, response 


solution 
that as 


tendencies are based upon an increased 
number of factors, which are unrelated 
to the means of the deck and to the 
particular Deck 1 value present on a 
given trial. Consider, for example, 
the gambler’s fallacy. It is a noticeable 
factor in the behavior of the widest 
range group only. This is reasonable 
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since the large positive and negative 
payoffs might well command 
attention to the sequence of payoffs. 


more 


Thus S's response on a given trial is a 
function of whether the previous trials 
have yielded a sequence of pluses or a 
sequence of minuses. If the 
effect is compatible with the optimal 
strategy (e.g., if there been a se- 
quence of negative payoffs in Deck 2 
and the Deck 1 card on a given trial 
—1) the risk-taking curve might 
be moved slightly towards its optimal 
boundary. If the sequence effect and 
the Deck 1 card are not compatible, 
the curve will move from its 
optimal bound. There is more room for 
performance to deviate from an optimal 
solution than to approach it. Thus, 
the net result is that the curves move 
away from the 0 and 100% bounds, and 
tend to converge, as the range increases. 
At least two other factors, 
gambler’s fallacy, 
important as the range of 
increases, and should affect behavior 
in the manner suggested for the gambler’s 
fallacy. The first of these is the rein 
forcement or punishment effect resulting 


sequence 


has 


is a 


away 


besides the 


may become more 


payofis 


from the most recent gamble; the second 


is the trial-to-trial fluctuation of S's 


pile of chips. 
SUMMARY 


Human Ss were required to choose be- 
tween a known payoff and an unknown pay- 
off (the risk) on each of 100 trials. As the 
range of unknown payoffs 
deviated more from an optimal strategy 
which required that they always gamble 
when the known payoff was negative, and 
never when it was positive. All Ss did gamble 
more when the known payoff was negative 


increased, Ss 
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EYELID CONDITIONED RESPONSES WITH VARIOUS 
LEVELS OF ANXIETY! 


MARTIN R. 


BARON anv JAMES P. CONNOR? 


Kent State University 


Numerous studies have been re- 
ported in which the influence of drive 
level upon classical eyelid condition- 
ing has been investigated. Two 
types of studies have been performed 
to test implications of the assumption 
that the drive level, D, in aversive 
situations is a function of the strength 
or magnitude of an emotional response 
aroused by aversive stimulation. In 
one, the intensity of the aversive 
stimulus has been varied; in the 
other, groups differing in emotional 
responsiveness have been conditioned 
and their performance compared 
(Spence, 1956, 1958). In keeping 
with predictions made on the basis 
of Hull’s (1943) postulated relation- 
ship between D and habit, H/, intensity 
of the UCS (Spence, 1953; Spence & 
Taylor, 1951), anxiety (Spence & 
Beecroft, 1954; Spence & Farber, 
1953; Spence & Taylor, 1951, 1953; 
Taylor, 1951) and, more recently, 
physiological measures of emotion- 
ality (Runquist & Ross, 1959; Run- 
quist & Spence, 1959) have been 
found to be related to eyelid CR 
performance. 

Hull’s formulation predicts that 
increases in drive level will result in 
a monotonic increase in eyelid CR 


1 This report is based upon a thesis sub- 
mitted by the second author to the Graduate 
School of Kent State University in partial 
fulfillment of requirements for the MA degree. 
An abbreviated form of this report was 
presented at the APA meetings, 1958, in 
Washington, D. C. 

? Now with Psychological Services, Stark 
County Public Schools. 


performance. While most studies 
dealing with anxiety level as measured 
by the Taylor scale (1953) have com- 
pared extreme MAS A-score groups, 
Spence and Taylor (1953) present 
evidence showing the overall relation- 
ship to be linear. Since the authors 
mention that this finding of linearity 
differs from that suggested in un- 
published studies, and since evidence 
of a nonmonotonic relationship be- 
tween MAS A scores and perform- 
ance on high association verbal re- 
sponses had been found (Baron, 
Billey, & Connor, 1958), it appeared 
desirable to check further the shape 
of the function relating MAS A scores 
and eyelid CR performance. 

The purpose of this experiment was 
to repeat, in functional character- 
istics, the eyelid conditioning study 
performed by Taylor (1951) employ- 
ing Ss at various levels of anxiety 
as measured by the MAS. 


METHOD 


Subjects.—Fifty Ss were selected so as to 
be representative of the MAS A-scale distribu- 
tion of scores of 131 students in general and 
educational psychology classes at Kent State 


University. Students obtaining MAS L 
scores of 7 or above were eliminated and 
quintiles computed. Five male and five 
female Ss were selected from each inter- 
quintile range, told they had been randomly 
chosen, and asked to take part in the experi- 
ment. The data from two Ss were not in- 
cluded in the results; one male S from the 
anxious end of the scale met the criterion 
for a “‘voluntary blinker,”’ and one female 
from the nonanxious end of the scale ter- 
minated the conditioning session when she 
became ill. 
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A pparatus.—The experiment was carried 
out in a sound-deadened experimental room. 
To seat the subject, an adjustable piano 
stool was used. Adjustable head and chin 
rests were employed to keep the position of 
S's head fixed 

The CS was a light presented through a 
6-in.-square milk glass window; it consisted 
of an increase in brightness from 6.5 to 8.6 
ft-L as measured by a Luckiesh-Taylor GE 
brightness meter. The UCS, a puff of air, 
was administered to the cornea of the right 
eye; it was produced by a column of mercury, 
magnetically released, falling 80 mm. in a 
manometer }? in. in diameter. The size of 
the opening in the nozzle of the tube was 
is in. 

Presentation of stimuli controlled 
by the fall of a mechanical pendulum, mag- 
netically released, which opened and closed 
mercury switches 


was 


The eyeblink was recorded by a photo- 
electric cell which was activated when a beam 
of light, projected through a 17.5-cm. focal 
length lens from a 32-cp automobile head- 
light, was cut by the closure of the eye 
with an artificial aluminum-foil eyelash which 
was attached to S's eyelid The blink, 
affecting the photoelectric cell, indirectly 
stopped an electric clock (started with the 
onset of CS) thus providing an objective 
measure of the latency of occurrence of the 
blink. A red light, also activated by the 
photoelectric cell, signaled E when S had his 
eyes closed 

Conditioning procedure.—Conditioning was 
carried out in one session with the average 
time for each S approximating 1 hr. After 
the artificial eyelash was fixed into position, 
S was seated and instructed to fixate the 
milk glass window located slightly above eye 
level on the wall of a booth 18 in. from his 
eyes. 

Further instructions, designed neither to 
inhibit nor facilitate eye blinks, were read 
Following this, each S received three presen- 
tations of the CS alone and two presentations 
of the UCS alone in the following order: 
CS, CS, UCS, CS, UCS; intervals between 
presentations were 15, 20, or 25 sec. randomly 
varied. All Ss then received 90 paired presen- 
tations of CS and UCS. Employing criteria 
described by Goodrich, Ross, and Wagner 
(1957), Ss who blinked on 5 or more of the 
first 10 trials with a latency of less than .30 
sec. were considered voluntary blinkers and 
their data discarded 


While many of 


the above characteristics 
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of apparatus, stimuli, and method of recording 
are different in some respects from those 
employed by Taylor (1951), the time rela- 
tionships in the two studies are identical. 
The duration of the CS on each trial was .55 
sec.; the UCS was presented simultaneously 
with the CS offset; and intertrial intervals 
were of 15, 20, and 25 sec., averaging 20 sec 
and fixed according to a prearranged schedule. 
It should be noted, however, that while 
Taylor (1951) employed a ready signal on 
each trial, in accordance with the conditioning 
procedure commonly followed in the lowa 
laboratories, no ready signal was given in 
this experiment. A response was considered 
a CR whenever the measured latency was 
between .20 and .50 sec. 


RESULTS AND DISCUSSION 


Despite some differences in pro- 
cedure and method of recording, 
frequency of CR for the two extreme 
MAS A-groups in this experiment 
are compared in Table 1 with data 
obtained by Taylor (1951) from ‘‘com- 
parable’ Ss. Here it can be seen that 
the CR frequencies, as measured by 
Taylor (1951), were slightly higher 
than those of the two extreme groups 
in the present investigation. Neither 
the difference between the two anxious 
groups nor between the two non- 
anxious groups found to be 
significant. 

The conditioning curves over 80 
trials, presented in Fig. 1, are seen 
to be higher with higher levels of 
MAS A scores. The total number 
of CRs per S was correlated with 


was 


TABLE 1 


MEAN PERCENTAGE OF Evetip CRs By 
ANXIOUS AND NONANXIOUS Ss OVER 80 
RIALS IN TAYLOR'S Stupy (1951) 
AND THIS INVESTIGATION 


Taylor's 
Study 


This 


Group 
Investigation 


47.90 
27.47 


Anxious 59.75 
Nonanxious 29.14 
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Fic. 1. Percentage of CRs in each block 
of 10 trials for four groups of Ss at different 
MAS A-score levels. 


A scores; r = .40. This value is 
reliable (P = .01), and the relation- 
ship does not differ significantly from 
a straight line. This finding is con- 
sistent with predictions based upon 
the assumption of a multiplicative 
relationship between D and H. It 
should be noted that while no verbal 
ready signal was employed in the 
present study, and was included in 
the conditioning procedure in the 
Spence and Taylor (1953) investiga- 
tion, the shape of the function was 
the same. 

From inspection, the curves appear 
to be essentially parallel, with crossing 
occurring at only one point. The 
prediction based upon the postulated 
relationship between D and #H is that 
the frequency curves will show an 
increasing divergence with training. 
The present data, perhaps because 
of the small number of cases at the 
higher MAS A-score levels, do not 
confirm this prediction. Confirma- 
tion on this particular point, based 
upon a substantial number of cases, 
has been reported (Spence, 1958). 


SUMMARY 


Fifty-eight Ss at various MAS A-score 
levels were submitted to an eyelid condition- 


MARTIN R. BARON AND JAMES P. CONNOR 


ing procedure in which no verbal ready signal 
was employed. Level of conditioning over 80 
trials was found to be an increasing function 
of MAS A scores; the correlation between 
total number of CRs and A scores was linear 
and significant (r = .40). 

The results are interpreted to be consistent 
with the assumptions that drive level is a 
function of emotionality of human Ss, as 
measured by the MAS A scale, and that the 
level of eyelid conditioning in turn is a func- 
tion of drive level. 
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LOCAL VARIATIONS IN THE MAGNITUDE OF A 
FIGURAL AFTEREFFECT 


DONALD R. MEYER, SEISOH SUKEMUNE,! anp ROGER MYERS? 


Ohio State University® 


This experiment involves the 
measurement of magnitude of figural 
displacement as a function of the 
positions of the figures in the visual 
field. It was undertaken as a test 
of the assumption that the visual 
cortex is involved in the basic inter- 
actions that give rise to this phe- 
nomenon. Both the Kéhler-Wallach 
(1944) and the Osgood-Heyer (1952) 
theory have this point in common, 
despite their markedly divergent pos- 
tulates with respect to nature of the 
process. We will not be here con- 
cerned with the basic merits of the 
other features of these theories, but 
with a prediction that is reasonably 
derived from either one. 


A specific locus clearly cannot be as 


readily established as discounted; 
and indeed, so long as the approach 
is indirect, the worth of an hypothesis 
derives from its ability to resist 
attempts at its discredit. The cortical 
hypothesis, as first proposed by Kohler 
(1940), has thus far been a viable 
concept; it was first arrived at with 
the demonstration. that displacement 
equally obtains regardless of whether 
figures are examined with the same 
eye or with both eyes. This suggests 
involvement of central mechanisms 
and, if one considers classic pathways, 
the independence of the systems for 
the two eyes in the primates at the 
level of geniculates (cf. Walls, 1953) 
seemingly implies that the visual 
cortex is the first of possibilities. 


‘Now at the University of Hiroshima. 

2 Now at the University of North Dakota. 

3From the Laboratory of Comparative 
and Physiological Psychology. 


This presumes, of course, that the 
classic pathways are involved in such 
perceptions, and that we can dis- 
count crossed peripheral events of 
the kind that quite conceivably could 
be mediated by a central, extra- 
classical control of sensitivities of 
retinal networks by the visual efferents 
(Granit, 1955). 

A further test of Kéhler’s hypothe- 
sis is based upon the supposition that 
displacement should be governed by 
the retinal, and not apparent, sizes 
of the figures. Here the works of 
Prentice (1950) and of Hochberg and 
Bitterman (1951) have failed to make 
the possible negation; the later work 
of Sutherland (1954), however, may 
be taken as keeping this an open 
question. The present work is similar 
to these approaches, and has been 
derived from the well-established in- 
equalities of central visual representa- 
tion for regions of the retina which lie 
more centrally and more peripherally. 

The Osgood-Heyer theory leads us 
to expect displacement to reflect these 
differences, for their interpretation 
of displacement is in terms of processes 
that also figure prominently in the 
theory of acuity (Marshall & Talbot, 
1942). From this point of view dis- 
placement and acuity should prove to 
be inversely related; sharp and sepa- 
rate excitation patterns cannot yield 
substantial successive interactions. 

The general expectation from the 
Kohler-Wallach theory is a little less 
explicit, the problem being that 
inspections carried out in different 
portions of the visual field presumably 
induce satiations that are added to 
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a gradient of permanent satiation. 
However, the mechanisms for estab- 
lishment of the latter, baseline condi- 
tion lead us to expect corresponding 
differences in temporary satiations. 
If such satiations are considered 
independent of the resting gradient, 
then the same prediction for relation 
of displacement to locus is obtained 
as before. 
METHOD 


The measures were obtained from two 
trained Ss, and materials were presented in a 
modified tachistoscope of the Harvard type. 
The figures and effects were similar to those 
presented and discussed by Kéhler (1951, 
Fig. 3, p. 203). Each inspection (1) figure 
consisted of a black open circle on a large 
white background, and its size was such that 
it subtended 2° of visual angle (21 mm. at a 
distance of 611 mm.). Three such I figures 
were employed; these differed only in that 
the circles were so placed that their centers 
and a central fixation point subtended either 
2°, 4°, or 6° of visual angle. The center 
points of circles and the fixation point were 
horizontally disposed, and the circles invari- 
ably appeared on the left side of the card 

Each test (T) figure consisted of a pair of 
circles, the centers of which were equidistant 
from a central fixation point identical to that 
employed for the | figures. These T figures 
were displayed on three series of five test 
cards each. Each pair included one “af- 
fected"’ circle or circle to be subject to dis- 
placement ; this was arranged to be concentric 
with the circle on one inspection card, and 
was of such a size that it subtended 1° of 
visual angle. “unaffected” 
circles in a series for a given lateral position 
were graduated downward from equality 
in steps of 1 mm. Each step thus corre- 
sponded fairly closely to a 10% reduction 
The fixation points were 2 mm. in diameter; 
lines of all I and T circles were 2 mm. wide. 

It will be apparent that the general 
approach was that of measurement of shrink- 
age in affected test circles by the constant 
stimulus method. The choice of the 2:1 
size ratio for I and T figures was determined 
by results of Japanese experiments that have 
been reviewed in English by Sagara and 
Oyama (1957). Background luminance for 
all I figures was 6.4 ft-L, that for T figures 
was 7.1 ft-L. 

The use of this approach has one important 
complication, namely that the judgments 
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may be subject to bias by the half-meridional 
differences described by Brown (1953). 
Ancillary judgments were made with cards 
designed to assess this situation; these 
differed from the experimental test cards 
in that the series of right-hand circles were 
pivoted on physical equivalence with the 
left-hand circles. The method was as in the 
study proper, but of course without inspec- 
tions; the results obtained led us to dismiss 
resting differences as trivial. 

For each experimental presentation, an 
I figure was exposed for 20 sec. It was viewed 
binocularly by S, who maintained a central 
fixation. At the end of the inspection time, 
a pair of T figures of equal eccentricity re- 
placed the I figure for a .5-sec. period. The 
S was required to make a judgment as to 
which of the two T circles was the larger 
The 15 possible conditions were presented 
in random order, and each condition 
judged 100 times by each of the two Ss 


was 


RESULTS 


The main conditions and results 
are summarized in Fig. 1. For both 
Ss, the extent of shrinkage of the 
affected T circle—as determined by the 


diminution which would be required 
for matching by an unaffected circle 

proved to be a function of the eccen- 
tricities of the figures being examined. 


Overall differences, by Friedman's 
analysis of variance for ranks, yielded 
P values beyond .01 and .03 for 
individual Ss. For Subject SS the 
obtained effect ranged from 10% 
to slightly over 20%, and the incre- 
ments appeared in regular relation 
to retinal position. Subject RM’s 
shrinkages were larger, ranging up- 
ward to a third, but with an apparent 
though unreliable reversal of the 
outer functions. 

The question arose as to whether 
these results could be related in a 
simple way to individual differences 
in variations of acuity with retinal 
position. The data required for 
this assessment were obtained with 
a zoom system acuity meter utilizing 
parallel bars. For the present pur- 
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pose, these are best expressed in 
completely relative terms; accord- 
ingly, for each S the reciprocal of 
distance required for resolution of the 
bars at 2° was taken as a score of 100. 
For SS relative acuity scores for 
bars at 4° and 6° were 86 and 72, 
respectively; for RM _ these same 
scores were 85 and 71. We were thus 
required to dismiss the concept under 
test, and can offer no alternative. 


In general, we conclude from this 
experiment that magnitude of figural 
displacement varies systematically with 
retinal position and, by implication 
with locus of related central processes. 
Displacement thus reflects a well-known 
property of visual neural organization, 
being greatest when the figures fall 
where acuity is poorest. For one S this 
relation is precise; for the other we can 
merely say that there exists a difference 


Summary of judgments in relation to experimental conditions 


between the more central and the more 
peripheral conditions. This result, while 
not itself sufficient, consistent with 
the supposition that the visual cortex is 
the site of interactions underlying such 
phenomena. 


1s 


SUMMARY 


Measurements were made with Ss, 
by a constant stimulus method, of magnitude 
of figural displacement as a function of posi- 
tion of the figures. Generally, displacement 
is greatest when the interacting figures are 
peripherally placed within the central visual 
field. This result consistent with the 
view, common to theories of displacement, 
that the visual cortex is the of the 
processes involved in this effect. 


two 


is 


locus 
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In many practical man-machine 
control devices the human is required 
to perform different tracking tasks in 
various coordinates. In an airplane, 
for example, the pilot must supply 
one transfer function while controlling 
the heading of his craft through left 
and right motions of his stick, and a 
different transfer function while con- 
trolling pitch with fore and aft stick 
motions. The necessity for these 
different modes of action arises from 
differences in the dynamic properties 
of the two control loops. These 
dissimilar dynamics, in turn, result 
from the physics of regulated flight. 

The purpose of the present in- 
vestigation was to determine the 


effect upon tracking performance pro- 
duced by using various combinations 
of dynamics in the X and Y coor- 
dinates of a two-dimensional tracking 


system. We were interested in dis- 
covering what the manipulation of 
the dynamics in one coordinate would 
do to tracking performance in the 
other. 

Three sets of dynamics were em- 
ployed: (a) Position Control (zero- 
order system). With this, force 
applied to the joystick is translated 
directly into a displacement of the 
displayed marker. (b) Rate Control 
(first-order system). An integrator 
inserted beyond the control causes 
the marker to move at a velocity 
which is proportional to the force 


‘The authors are indebted to H. P. 
Birmingham for his provocative suggestions 
relative to this problem and for assistance in 
apparatus design. 


applied to the control. (c) Accelera- 
tion Control (second-order system). 
Two integrators are inserted beyond 
the control. Asa result, any applica- 
tion of force to the control produces 
a proportional acceleration of the 
marker. 


These three types of dynamics each require 
a chdracteristically different control response 
from S. With position control, he simply 
displaces his control an appropriate amount 
in the appropriate direction. With rate 
control, S displaces the control until the 
generated velocity moves the marker to the 
intended position. He then makes a second 
movement to return the control to center, 
removing the velocity. With acceleration 
control, S displaces the control until the 
generated acceleration of the dot brings it 
near the desired position. He then must move 
the control in the reverse direction by an 
amount appropriate to remove the generated 
acceleration. He finally makes a _ third 
movement to return the control to center 
Thus, adding integrators 
increasing the complexity 
control movements. 


result in 
required 


may 


of the 


In this study, the three dynamics 
were paired in all combinations on 
the X and Y control coordinates. 


METHOD 


Apparatus.—A block diagram of the two- 
coordinate tracking system is shown in Fig. 1. 
The two switches, X, and Yq, are used to 
select the type of control dynamics to be used 
in each coordinate. When either switch 
is set on Contact 1, position control tracking 
is obtained. Setting a switch at Contact 2 
provides rate control, while for acceleration 
control the switch is set at Contact 3. Each 
switch can be set separately so that all 
combinations of dynamics in X and Y are 
available. Switches Xp and Ys are used to 
eliminate tracking in one coordinate. This 
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is done by setting a switch at Contact 2. 
Placing either switch at Contact 1 permits 
control in that coordinate, and provides a 
course input to the display. 

The course input for each of the coordinates 
consisted of a single sine wave, differing in 
frequency and amplitude. In the X coordi- 
nate the frequency was 1.9 cycles/min., 
while in the Y coordinate a frequency of 
3.15 cycles/min. was used. The amplitudes 
of the sine waves were inversely proportional 
to their frequencies. The course voltages to 
the display were sufficient to generate am- 
plitudes of +5 in. for the X coordinate and 
+3 in. for the Y coordinate. 

The display was a 5-in., short-persistence 
cathode ray tube (CRT). A compensatory 
type of tracking display was used. That is, 
variations in the course moved a marker dot 
away from a 1/8-in. center reference circle 
on the CRT, and S made the appropriate 
control movements to return the dot to 
center. The control consisted of a spring- 
restrained joystick which was free to move 
at any angle so that the marker dot could be 
moved to center directly from any position 
on the display. The joystick-to-marker 
sensitivity for both coordinates was such 
that a 10° displacement of the stick produced 
a marker change on the CRT face of 1 in. 
with position control, 1 in./sec. with rate 
control, and 1 in./sec.2 with acceleration 
control. 

The control dynamics were obtained by 
means of electronic analog computer elements. 
The gains of the integrators used for the rate 
control and the acceleration control systems 
were set at unity for each course frequency 
employed. This provided equivalent control 
system gain for each of the dynamics used. 

Tracking error, consisting of the difference 
between the course input and system output, 
was scored separately for each coordinate by 
use of two identical electronic scoring integra- 


Block diagram of the two-coordinate tracking system. 


tors. The error produced in each coordinate 
was rectified and integrated over the scoring 
duration by a scoring system composed of 
electronic computer elements operating from 
the error signal to the display. Integrated 
error scores were read directly from a volt- 
meter after each trial and represent the 
average error for the trial. Since the time 
of each tracking trial is held constant, 
integrated error is proportional to average 
error. 

Procedure.—Tracking error scores were 
first obtained for the three types of dynamics 
tracked in a single coordinate, both in X and 
in Y. Following this, the same Ss were 
given all nine combinations of dynamics 
in two-coordinate tracking. The six condi- 
tions of one-coordinate tracking were pre- 
sented for nine sessions. A session consisted 
of three 1-min. trials on each condition, with 
the error accumulated during the last 45 sec. 
of each trial scored by the error integrator 
With two-coordinate tracking, all nine pair- 
ings of dynamics in the X and Y coordinates 
were run for 20 sessions, three trials per ses- 
sion. Six naval enlisted men served as Ss. 
The order in which the experimental condi- 
tions were run was randomized for each S 
during each session. 


RESULTS AND DISCUSSION 


Table 1 presents the results for the 


single-coordinate tracking. The en- 
tries are the means and SDs of the 
error scores for the six Ss recorded 
during the last three sessions of 
tracking. Comparisons between coor- 
dinates, in which different course 
inputs were used, showed that the 
low-frequency, high-amplitude course 
in the X coordinate was significantly 
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TABLE 1 


SINGLE COORDINATE TRACKING DATA 


X Coordinate Y Coordinate 


Dynamics 


| Mean SD Mean | 


97.3 
34.6 8.3 
49.2 | 16.7 


Position | 80.2 | 15.9 
Rate | 24.2 8.9 
Acceleration 44.4 | 10.1 


better (P = .05) than the high-fre- 
quency, low-amplitude course in Y 
for position and rate control dynam- 
ics. No. significant difference in 
performance was found for accelera- 
tion control between coordinates. 
However, all differences in tracking 
error among the three types of control 
dynamics were significant at the 5% 
level. In this investigation the Wil- 
coxon (1949) paired-replicates test 


was used in all tests of statistical 





ACCE LERATION 
IN x 


IN X (ARBITRARY UNITS 


RATE IN X 


AVERAGE ERROR 





| | 








POSITION RATE 
DYNAMICS IN Y 


1 
ACCELERATION 


iG. 2. Two-coordinate tracking data. 


DUEY, AND F. V. TAYLOR 


significance. The order of proficiency 
for the various dynamics was: (a) 
rate, (b) acceleration, and (c) position. 
This order is, of course, in part a 
function of the particular equip- 
ment and inputs employed in this 
experiment. 

The data for two-coordinate track- 
ing are shown in Fig. 2. The graph 
on the left half of this figure depicts 
tracking error measured in the X 
coordinate. On the abscissa are 
shown the dynamics in Y which were 
paired with the various dynamics in 
X. The tracking error in X is used 
in plotting the parameters shown. 
Similarly, the graph on the right 
half of the figure shows the parameters 
obtained by plotting the tracking 
error measured in the Y coordinate. 
it should be noted that the com- 
ponents of error along the X and Y 


coordinates were scored simultane- 
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Che graph on the left depicts tracking error meas- 


ured in the X coordinate, when paired with the various dynamics in Y shown on the abscissa 
Similarly, the graph on the right shows the parameters obtained by plotting tracking error 


measured in the Y coordinate. 
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FABLE 2 


P VALUES FOR STATISTICAL COMPARISONS 
BETWEEN DYNAMICS FOR Two 
COORDINATE TRACKING 


Coordinate Scored 


» compared, whil 
s refer to the dynamics used in the other coor 
dinate. The columns X and Y indicate the significance 
levels for each of the coordinates scored 


the various 
dynamics, and 
the 


ously for pairings of 


the separation into 
two graphs by coordinates is 
simply for convenience in presenting 
the data. 

Table 2 presents the results of the 
various comparisons and _ indicates 
which are significant. For six Ss, 
the Wilcoxon test 


provides for a confidence level no 


paired-replicates 


greater than 5°. 

From Fig. 2 it can be seen that in all 
cases the minimum amount of 
produced with each type of dynamics 
occurred when the dynamics in the two 
coordinates were the same. 


error 


Increasing 
the difference in the number of integra- 
tors comprising the dynamics of each 
coordinate produces an increase in track- 
ing error. from the curves 
of Fig. 2 it can be seen that a difference 


However, 


of one integrator between dynamics 


nominal increase in 
difference of two 
integrators between dynamics contrib- 


results in only a 


error, whereas a 
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utes a considerable increase in tracking 
error. 

To provide a different tracking task 
in each dimension, the frequencies and 
amplitudes used as inputs to each co- 
ordinate differed in the present experi- 
ment. Ina preliminary study, the same 
course used for each coordinate. 
The results from the preliminary study 
were very similar to the findings for the 
present investigation. Thus, the use of 
a different tracking task on each coor- 
dinate provides some generality to the 
results and, at the same time, does not 
affect the basic relationships found by 
manipulating control dynamics. 


was 


The results of this study demonstrate 
clearly that tracking performance in a 
coordinate is influenced by the 
dynamics used in the second coordinate 
The with the 
hypothesis that the human has a limited 
information handling capacity or “‘band 
width” (Birmingham & Taylor, 1954) 
and that the greater the difference 
between tasks in the 
ordinates the less the capacity 


given 


findings are consonant 


control two co- 

which 
remains available for the performance of 
either. Apparently, the act of shifting 
from one transfer function to 
itself consumes bandwidth 
be subtracted that 
the performance of the tracking 
tasks. As more and more of the human's 
capacity is, 


another 

which must 
available for 
two 


from 


with in- 
between tasks 
less and less remains to be devoted to 
tracking, with the result that perform- 
ance accuracy-drops in both coordinates 


thus, dissipated 


creasing dissimilarity 


SUMMARY 


In many complex tracking devices the 
control dynamics may differ in the various 
coordinates, thus requiring S to supply a 
different transfer function in each tracking 
dimension. The purpose of the present 
investigation was to determine the effect 
upon tracking produced by using various 
pairings of position, rate, and acceleration 
control dynamics in the X and Y coordinates 
of a two-dimensional tracking system. 

The results indicate that in all cases 
minimum error occurred when the dynamics 
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in the two coordinates were the same and 
that error increased as the dissimilarity 
between the dynamics became greater. 

These findings are interpreted as suggest- 
ing that the human has a limited information 
handling capacity, that some of this capacity 
is used to change from one task to the other, 
and that the greater the difference between 
control tasks the less the capacity which 
remains for the performance of either. 


DUEY. AND F. V 


rAYLOR 
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While a large amount of work has 
been done on the role of the primary 
motivational variables (e.g., food or 
water deprivation) in the area of 
instrumental appetitive conditioning, 
few systematic data are available 
on the role of motivational variables 
such as electric shock in instrumental 
escape conditioning. Moreover, as 
Spence (1956) has pointed out, those 
data which are available are quite 
inconsistent as to the form of the func- 


tional relationship between asymp- 
totic escape performance and shock 


intensity. As these data are exten- 
sively discussed by Spence (1956) only 
brief mention of the 
will be made here. 


inconsistencies 


While Amsel (1950) found that a group 
of rats receiving a strong shock ran faster 
than a group receiving a weak one, Campbell 
and Kraeling (1953) report no differences in 
asymptotic performance level for Ss running 
down a straight alley charged with shock 
intensities of either 200, 300, or 400 v. to an 
uncharged goalbox. Using much lower 
shock levels, Ketchel, in an unpublished 
study cited by Spence (1956), found that Ss 
escaping a 36-v. shock performed at a higher 
level than those escaping an 11.6-v. shock. 
However, Ketchel’s weak-shock group showed 
little or no increase in performance over 
trials, raising the possibility that this weak 
shock was subthreshold and as such provided 
no motivation. 

1 This experiment was conducted at Yale 
University while H. Fowler held a predoctoral 
fellowship from the National Institute of 
Mental Health, Bethesda, Maryland. 


In view of the inconsistencies among 
these various results, the present 
study seeks to provide more extensive 
data on the effect of shock intensity 
in instrumental escape learning. A 
wide range of shock intensities is 
examined so as to provide a more 
general picture of the function relat- 
ing escape performance to shock 
intensity. 


METHOD 


Subjects.—The Ss for this experiment were 
30 male albino rats, all of which had served 
earlier in a food-reinforced straight alley 
experiment entailing the administration of a 
few brief and relatively weak shocks. Fifteen 
of these Ss were approximately 300 days old 
at the time of the present experiment, while 
the other half were approximately 180 days 
old. 

A pparatus.—A straight alley 68 in. long, 
3 in. wide, and 4 in. high served as the experi- 
mental apparatus. The alley was'constructed 
of two L-shaped strips of galvanized sheet 
metal, and was covered with a transparent 
Plexiglas top. One of the sheet metal strips 
formed one side and half the floor of the 
apparatus; the other strip formed the other 
side and other half of the floor. A 1-in. gap 
separated the two strips at the floor. 

The alley was separated into three sections ; 
a startbox 8 in. long, an alley section 48 in. 
long, and a goalbox 12 in. long. These sec- 
tions were separated by upward acting 
guillotine doors. Raising the start door 
operated a microswitch which started a 
Standard Electric clock and closed a shock 
circuit to the start box and alley. Breaking a 
photobeam 6 in. inside the alley stopped the 
first clock and started a second which in 
turn was stopped when S broke a photobeam 
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2 in. inside the goalbox. Breaking this 
second photobeam also interrupted the shock 
circuit to the startbox and alley. The two 
time measures were recorded to the nearest 
.01 sec. and converted to speed scores (100/ 
time). Hereafter these measures will be 
referred to as starting and running speed, 
respectively. 

A single matched impedance 60 cps ac 
shock source provided shock for both the 
startbox and alley. In this shock system, 
the galvanized metal strips forming the halves 
of the alley were connected across the output 
of a power transformer through a voltage 
divider which provided variation in the 
applied voltage. In addition, a .25 megohm 
resistor was placed in series with S. 
received shock as long’as its feet touched 
both of the metal strips forming the halves 
of the alley. The narrowness of the alley 
prevented S from running along only one 
side of the alley. 

Procedure.—The S was placed in the start- 
box with the startbox door closed and the 
goalbox door open. When S oriented toward 
the goal, the startbox door was opened and 
S could run to the goai end of the alley. 
When S entered the goalbox, the goalbox 
door was closed and S was detained in the 
goal box for 20 sec. During this time, E£ 
recorded the data from that trial and reset 
the apparatus. At the end of the 20 sec., S 
was removed from the goalbox and immedi- 
ately returned to the startbox for the be- 
ginning of the next trial. In this manner each 
S received a total of 20 highly massed trials 

Experimental design.—The 30 Ss were 
randomly assigned to five experimental groups 
in such a way as to randomize past experi- 
mental history as well as all other extraneous 
factors, with the restriction that each group 
contain 3 Ss from each of the two age popu- 
lations. This restriction permitted isolation 
of the variance due to the age variable in 
the statistical analyses. 

Each group of Ss received a different 
intensity of shock in the startbox and alley; 
shock was absent for all groups in the goalbox. 
The shock intensities used were 120, 160, 
240, 320, and 400 v., as measured directly 
across the output of the voltage divider. 
It was originally planned to include a group 
at 80 v., but preliminary investigation showed 
that Ss would not run at this low voltage. 


RESULTS 


Mean speed curves for each group 
are presented in Fig. 1 and 2. 
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Fic. 1. Learning curves for the various 
shock intensity groups for both the starting 
speed and running speed measures 


1 shows the learning curves over the 
entire course of the experiment for 
both the starting and running speed 
measures. Figure 2 shows for these 
two measures the relationship between 
mean speed on the last 8 trials and 
shock intensity. 

The results of an analysis of vari- 
ance of mean running speed over the 
last 8 trials showed that the young Ss 
ran slightly, but not 
faster than the old Ss (F = 2.97; 
df = 1, 20; P = .10). The F ratio 
for the interaction of shock intensity 
and age was less than 1. Because of 
this negligible interaction, and a 
similar result in the case of starting 
speed, the age which is 


significantly, 
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inconsequential to the main purposes 
of this experiment, was ignored in 
Fig. 1 and 2. 

The overall F for the different shock 
intensity conditions approached but 
also failed to meet conventional levels 
of statistical significance (F = 2.26; 
df = 4, 20; P < .10). However, in- 
spection of the running speed curve 
in Fig. 2 that the 
negatively accelerated in 
the three highest shock intensity 
groups being very close to one another 
in mean 


shows curve is 


form, with 


speed. The approximate 
perlormance 
would tend 
shock intensity 
the 


A trend analysis of these 


these 
reduce 
effect, 
nonsignificant 


equality in of 
three 
the 

thus producing 


overall F. 


groups to 


overall 


data, by orthogonal polynomial com- 
parisons, indicates that running speed 
was significantly related to log shock 
intensity (F = 8.53; df=1,20; P<.01), 
with the F for the residual variance 
after extraction this log 
component being less than 1 


Figure 2 
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the form 
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speed and shock intensity is quite 


that in the ci of 
running speed. Starting speeds first 
with increasing shock 
tensity, but beyond 240 v., further 


increases in shock intensity lead 
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Fic. 2 


trials as a function of shock intensity 


Mean performance over the last 8 
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progressive decrements in this meas- 
ure. The results of an analysis of 
variance of mean starting speeds on 
the last 8 trials showed that the 
overall effect of shock intensity was 
significant (F = 1.61; df = 4, 20; 
P < .005). However, the main effect 
of age was again not significant, and 
the Shock X Age interaction again 
vielded an F less than 1. Analysis 
of the trends within these data by 
orthogonal polynomials showed that 
the functional relationship between 
starting speed and shock intensity 
contained both a significant linear 
component (F = 9.29; df =1, 20; 
P < .01) and a significant quadratic 
component (F = 13.18; df = 1, 20; 
P < .005). The residual variance 
after extraction of two 
ponents was negligible (F < 1). 


these com- 


DISCUSSION 


In total the results show that, over 
the range of shock intensities used in the 
present study, running speed is an 
increasing, negatively accelerated func- 
tion of shock intensity, while starting 
speed is nonmonotonically related to 
shock intensity, first increasing and 
then decreasing with shock 
intensities 


The 


increasing 


results of the running 
measure are in line with the 
of Amsel (1950) and Ketchel (Spence, 
1956), but not those of Campbell and 
Kraeling (1953). While it is true that 
of the inconsistency in these 
previous studies may have arisen from 
the use of different procedures and 
types of shock, the fact that the present 
study 


speed 


results 


part 


used a shock source, alley, and 
general procedure as close as possible 
to that used by Campbell and Kraeling 
makes this interpretation unlikely. Per- 
haps a more reasonable interpretation 
is that Campbell and Kraeling found no 
differences in asymptotic 
all of their shock intensity 
were far out the relatively 
flat portion of the curve relating speed 


performance 
because 


groups on 
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to shock intensity. If it is also true that 
starting speed is, with this general 
procedure and apparatus, nonmono- 
tonically related to shock intensity, then 
this factor could also have contributed 
to their lack of differences, as the speed 
measure in the Campbell and Kraeling 
experiment included both the starting 
and running speed measures of the 


present experimen tC. 


SUMMARY 


Five groups of rats were trained to escape 
shocks of 120, 160, 240, 320, and 400 v. in a 
straight alley by running to an uncharged 
goalbox. Running speed was found to be an 
increasing, negatively accelerated function 
of shock intensity, but starting speed was 
nonmonotonically related to shock intensity, 
first increasing and then decreasing with 
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increasing shock intensity These results 
are discussed in relation to inconsistencies 
among the findings of several other studies 
pertaining to the empirical relationship 
between shock intensity and performance in 
escape conditioning. 
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Bilodeau and Bilodeau (1958) present a 
convincing array of data in delay of knowledge 
of results (KR) experiments that the inter- 
trial interval rather than KR delay is the 
critical variable (better learning with shorter 
interval). In one study that they 
(Saltzman, Kanfer, & Greenspoon, . 1955) 
the intertrial interval varied directly with 
KR delay and on either count one might 
have expected differences in learning, but 
the results were negative. One procedural 
difference between the studies yielding 
positive intertrial interval results and the 
study by Saltzman et al. (1955) is that in the 
latter study S knew, in a clear mediational 
sense, what the task was, i.e., to draw a 3-in 
line blindfolded. The present hypothesis 
is that if S were unclear or even misled about 
the task (response to be learned is unidenti- 
fied) that the intertrial interval and perhaps 
KR delay would become relevant. Thus 
the present study is an exact replication of 
the Saltzman et al. (1955) study with the 
exception that S was instructed to draw a 


cite 


line 60 “‘glubs”’ long (actually 3 in. long) 

Method.—All Ss (N = 96) 
introductory psychology classes 
Saltzman et al. study there were three experi- 


were from 

As in the 
mental groups (N = 24 in each): 0-sec 
KR delay; 10-sec. KR delay; 20-sec. KR 
delay All three groups had a post-KR 
delay of 10 sec. prior to starting the next 
trial. Unlike the Saltzman et al 
there was also a control group (N = 24), 
O0-sec. KR delay with a 30-sec. post-KR 
delay; thus two groups had identical inter- 
trial intervals_and differed maximally on 
KR delay, and-two groups had identical KR 
delay and differed maximally on intertrial 
interval The criterion of learning was 
drawing five consecutive lines between 2} in., 
and 3} in., or a maximum of 60 trials. All 
information given to S about the line drawn 
was with respect to “glubs’ rather than 
inches 


study, 


Results and discussion.— The 0-sec., 10-se« 
and 20-sec. delay groups learned in a median 
of 18.5, 25.5, and 41.0 trials, respectively, 
as compared with 28.0, 25.0, and 30.5 trials 
in the study by Saltzman et al. With the 
Mann-Whitney test, the 0-sec. and the 10- 
sec. delay groups were significantly better 
than the 20-sec. group (z = 2.47 and 2.39, 
P = .02), but the difference between the 
0-sec. and 10-sec. groups was nonsignificant. 
rhe control group had a median of 34.5 trials 
and except for a few middle scores, had a 
distribution almost identical with the 20-sec 
delay group, including 9 Ss who took 60 
trials as compared with 7 in the 20-sec. delay 
group. The control was significantly worse 
than the O-sec. delay group (z = 2.53, 
P = .02) but did not differ significantly from 
the other two. 

Given the results of the control group 
the interpretation by Bilodeau and Bilodeau 
(1958) receives clear support. The intertrial 
interval confounded, as it may be, with 
post-KR delay appears critical rather than KR 
delay. In addition, there was clear support 
for’ the hypothesis that previous experience 
in conjunction with knowledge of the response 
to be learned will diminish the importance of 
intertrial interval as a variable. Presumably 
if control groups had been incorporated in 
the study by Saltzman et al. (1955), no 
additional information would have been 
gained; all groups would have performed 
alike because the positive transfer effect 
from previously using and judging inches 
probably would have bridged the intertrial 
interval. 
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ERRATUM 


The figure below was to have appeared as Part B of Fig. 1 in the article 
“Successive Acquisitions and Extinctions as Related to Percentage of Rein- 
forcement”’ by Glen D. Jensen and John W. Cotton (J. exp. Psychol.,1960, 
60, 41-49). The figure is necessary in connection with the text on pp. 42-43. 
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Fic. 1. (Part B) Mean reciprocal running time in seconds as a function of trials. Trials 
are grouped in blocks of five. Day 10 is an extinction session for all groups. The coded param- 
eter is the number of extinction trials (E) and the number of acquisition trials (A) in alternating 
sets of extinction and acquisition trials on Days 2 through 9 
































